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NATIONAL ADVISORY COMMITTEE FOR AERONATTICS

ADVANCE CONFIDENTIAL REPORT

_—ama - .

BiﬁLIOGRAEHY AND REVIEW bF INFORMATTON RELATING
TO.THE HYDRODYNAMICS OF SEAPLANES
By Jemes M. Benson and Jerold M. Bldwell

- SUMMARY

A bilbliography and a review of -Information relating
to the hydrodynamlics of seaplanes have been presented.
Data and conclusions obtelned from the references in the
bibliography have ‘been correlated to present in qualil-
tative .form a sumary of the status of knowledge
pertgining to the hydrodynamics of seaplanes and to .
point out the need for further research. Characteristics
of conventional hulls and floats ‘are discussed to show
the effects upon performance of changes In design
parameters such as dead rise, depth of step, and angle
of afterbody keel. - A separate section has besen devoted
to speclal problems relating to floats for seaplanes.
Other toplcs discussed include lateral stabilizers,
serodynamic and propulsive conslderations, unconventional
configurations, hydrofolls, and piloting and handling.

"The arrangement of the bibllography in general is
simllar to that of. the text. References on flying-boat
hulls, planlng .surfaces, and seaplane flogts, however,
have besen listed deparately in the bHibliography. Refer-~
ence materisl pertalning to impact loads has been .
included in the bibliography althoughl the subject has
not been reviewed. - Information-on experlmental pro-
cedures used tg obtaln the results discussed 'In the text
may be found In the refbrences in the concluding section
of the bilbliography. -

INTRODUCT ION

An Increasing demand for informatlon relating to
the hydrodynamlcs of seaplanes has Iindicated the need
for a compllation of exlsting scattered data. The
present report, which has been prepared in an attempt
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to fi111 thilis need, 1s 1n the form of a blbliography and
a brief review of the -subject.: Wherever possible the
present: status of the varlous phases of hydrodynamlc
research is indicated and the néed for further rssearch
1s pointed out although an extensive treatment of the
subjJect has not been attempted. Complete data and the
datalled development of the. irmportant concluslons may,
in general, be found in the reports listed in the
bibliogrephy. 1In some Ilnatances, however, previously
unpubllished data and data from sources not sultable for
reference purposes have been included. Reports that
are not gencrally avallabls for distribution, elther for
security or proprietary reasons, are marked with an
asterisk in the bibliography.

The material presented herein has been organi zed
in a way that 1solates insofar as practical the effects
of deslgn Parameters such as dead rise, depth of step,
and angle of afterbody keel 1n preference to rore general
subjects such ds resistance, stability, .and alr drag.
A 1ist of references pertaining to impact loads has been
included 1n the blblingraphy althnough the subJect has
not been discussed in the text. Properties of both hulls
and floats are dlscussed .under the hreadirg "Convsntional
Hulls 'and Floats" and speclal problems relating to flaats
are taken up urider the heading "Floats for Seaplanes."

‘Acknowledgment Is made to Boelng Aircraft Company,.
Consolidated Vultee Aircraft Corporation, Edo Aircraft
.Corporation, and The Glenn L. Martin Company for
furnishing coples of .éngindering reports pertaining to
flight tests.of seeplanss and.the application of the
results of rodéel tests to design practice. The following
membera of the staff of .the ‘Langlay Hydrodynamics.
Division gave materlal assistance in correlating ths large
amount of ‘data: Joe W. Bell, John K. Dawson,

John %, Bbert, Jr,, Leo F. Wehlner, Douglas A. Xing,
‘Normen S. Land .Rdland E. Olson, John B.' Parkinson,
and Hanry B. Suydam.

CONVEXTICYFAL HULLS AKD FLCATS
Over-All Prooortlons end Shape of Flylng-Boat Hulls

. The hull of & flying boat performs the functions
of fuselage, Ilotatlion gear, snd landing geer. The
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over-all ‘proportions .and shape of_ a: hull result from a
harmonious combination of the proportions and shapés of
the wvaribus components designed for each functign or .
combination of functions. The over-all form is lmportent
in itself mainly in connectlion with the fuselage and
flotation functlona rather thaen with the detalled hydro*
dynamic characteristlcs during motlon on the water. A
hull is best -designed by taking into considergtion 1ts
requirements -.that-1s, space for acoommodation, sea-
worthiness, tall- length, ste. - rather..than by trying

to fit the requirements into a preconceived over-all
form,

Ma.ximum bean - The rra.xinum beam of .a flying-boat
hull Ts determned somewhat by the buoyency .required snd
in transport alrolanes by the width required for accom-
modation of the pay load. T™ie beam loading is properly.
regarded as a very lmportant criterion and must be
selected to sult the 1ntended service,

- Over=all length.- The over-all length of the ‘hull
1s approxlwately made up of the:length of the forebody
required for aceor; dation ahead of the center of gravity -
and for adequaté seawcrthiness underway plus the pre-
determined distance from. the center of gravity to the tail
surfaces. In contemporery hulls, the over-all length 1la
usually greater than the sum of forebody and afterbody
lengths. The additional length 1s the tail ertension.

Over=-all len th beam ratip.=.The over-all length-
beam Tatié 1s felrly well determined by the type and
configuration of the airplans. It 1s possible, however,
to vary the ratlo for the same design and still malintain
the same degree of seaworthiness by varying the beam
loadling, the forebody 1length-beam .ratlo, and the sige
of the tell surfaces. The effect cof such a varlation on
the serodynaric drag is included with the hydrodynemlc
effectd under "Hull Loadling and .Length-Beam Ratlo."

Helght and height-beam ratlo.- The height of the
hull is usually.greater than thaet requlired for accom-
modation end eserodynemic configuration in order to
provide sufflclent spray clearance for the propellers
and serodynamic surfaces. It 1s possible, however, to
use dlfferent helghts for different beam loadings and
stlll malntain the same degree of seaworthiness. Most
present-day multiengine flying boats are characterlged
by high beam loadings combined with hlgh height-beam
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ratics, and some authorlties conclude that thls combilna-~
tion 18 preferable from all standpoints (reference 18).
The PBY-5 (Catalinsa), however, 1s one example in which
low beam loading 1s comblned with lcw height-beam ratio
of the hull, the wing belng carried on a pylon, yet is
consldered exceptionally seaworthy. Hydrodynamlic tests
of a related femlly of powered dynamic models having -
systemattc variationsin helght-beam retio combined with
anpropriate values of length-beam ratio gre required to
" determine whether there 1s .an cptimum height -bsam ratio
for a given class of alrplane.

. Testes 1n tne Langley pnpneller-research tunnel of
two models of flying-boat hulls havée shown that the drag
coefficient based on frontal area decreasés with an )
Increase In the height of the hull for a glven beam and
length although the drag asctually increases (reference 1,3)
Connbes snd Clark (reference 18). have concluded from
these data twat high values of height-beam ratlo are
preferable. The data are shown In f{igure 1{a) as curves
of drag coefficient based on frontal area plotted against
height-beam ratio, along with sixllar data from tests of
g streamline body "in the Langley 8-foot high-speed tunnel
which show a similar trend (reference 77). The. seme data
presented in figure 1l(b) as curves of drag coefficient
based on the two-thlrds powsr of the hull volume plotted
against height-beam retioc, howéver, indicate a different
conclusion. The drag corefficiert based on- volume for
"model .35 1s at a minlyur near e height-beam ratjio.of 1.2
while the trend for the streamline body is reversed. :
In gena“al, 1t would.be reasonable to expect that the
wminirum’'dreg for a9 given volume would occur near a height-
beam ratio of 1.0, .

Shape .= When the over-all proportions and- dlmensions
of the hull havs been determined, the drag .becomes a
function of the detalled shapa. Below the chines thse
shape must have suitable hydrodynamlc characteristics
but  otherwige shbuld be srooth and Ffair in three
dimensions for the minimum of interfersnce to the flow
of" water qr. alr and for .ease of constructton. :




. NACA ACR mﬂ 15628
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As sn indication of the relative "cleanness" of
flying-boat hulls, Hartman (reference L43) éompared their
drag coefficlents with the drag coefficlent of an alrsnip
hull at the sane Reynolds number. The best hull with a
tall extension had a rinimum frontal-area drag coeffi-
clent of.0.092 as-qompared.with the alrship drag coef-
ficient of 0.052; henee, 1f all practical considerations
are nreglected, 1t would be possible to reduce the drag
of this hull about L7 percerit. The minimum frontal-
area drag ccefflelent of a.very cleen hull (fig. 2).as
measured in the Langley two-dimensional low-turbulence
pressure tunnel (reference 70) was.found to be 0.080
as compared wilth a .skin-friection drag coefficlent
of 0.056 at the same Reynolds number; the increment
not chargeable to skin friction wasd therefore [j2 percent
of the total. , E '

A closer estimate 6f increment chargeable to the
function of the-hull ‘as a landlng geer is given in
reference 79 in which the minimum drag coefflclent of
a streamline hull was shown from tests ln the Langley
8-foot high-speed timnel to be about 20 percent greater
than theat of elther the strailght’ or the warped streem-
line body ‘from which it was derived. A simllar com-
parison was made 1in’ reference 18 which indicated that,
for the hull considsred,  the minimum dreg coefflclent
was 22 percernt greater than that of the warped stream-
line body from which 1t was derived.

In references 1§, 70, and 79 the general premise
1s advanced that the best over-all shape for a hull 1s
one for which the departures from a streamline body of
revolution are kept at a minimum consistent with hydro-
dynamic requiremerits. ‘Increasing the height of a well=-
falred bow has cnly a small adverse effect on the drag;
increasing the height of the stern by warping the basio
form but holding the afterbnhdy position fixed has a
larger adverse efféct (reference 79). varping a stream-
line body at the stern 1s shown in reference 79 to have
no aedverse effect on the minimum drag but increases the
angle of minimum drag as would be expected. 1In refer-
ence 18, however, warping the tall of the streamline
body 18 sald to increase the drag 1% percent, presumably
at the same angle of attack. .

In reference 3 'the beneficial effect of a rounded
+ deck for the same frontal area 1s estimated to be a
reduction in minimum drag of 21, 23, end 26 percent,
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0 10 20 30

Feet

- Figure 2.- conventional flying boat for transport
service with hull designed for low alr drag
(reference T0).
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respectively, for the three models considered. The
increase in drag attributed to the windshleld is small.

The avallable data on the effects of proportlons
and shape 1ndlcate that careful design end attention
to the shape of the hull are essential in arder to keev
the parasite drag at a minimum. The added drag of
properly arranged chines and 'steps becores of the same
order of magnltude as that dus to roughness and
unavoldable protuberances on thes actual hull. Radical
departures from the form:for minimum dreg or forms having
excessive surface areg will nect, In general, be deslirable
for -high~performance airplanes regardless.of their
‘hydrndynamic advantages (reference 70). (Fig. 2 shows
‘a flying boat of conventlonal arrangsment for transport
service with a low-drag hull having sultable hydro-..
dynamic charactertstics for e groas weight of about
120,000 1b. )

Full Loadirng and Tength-Beam Ratio

The lecading of a flylng-boat hull or a seaplane
float is usually exoressed_in terms of load coeffl-
clent Cp, whlch 1s based upon beam as the charac-
terlstic dimrension. Load coefflclent provides a good
scale for tke load on hulls having comparable length-
beam ratios and for sany hull in the planing condition,
1n which wetthd length 1s a dependent variaeble. At
low speeds, however, when the bow of the hull 1s wotted,
load coefficient losés mnst of 1ts stgnificence 1in the
comparison of hulls of dlfferent langth-beam ratios.
Because of the close relationshlip between load coeffi-
cilent and length-beam ratio, 1t 1s necessary to conalder
both varlables in discussion of the load-carryling
capaclty.or the performance of hulls at low speeds. The
length and beam of the forebody are consldered the most
important dimensinsns because the dlmensions of the after-
body must be made approximately 1n proportion to those of
the forebody.

Effects of 1oad mith hull pronortions-held congtent.-
The effects of load have been investigated In numerous
general tests of flying-boat hulls and in overload tests
of most specific designs. 'Data from these.gources show
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the effects of load on the performance of flying-boat
hulls of conventlonal shapa and proportions. Inoreasing
-the load coefficient . .

(a) reduces load-resistance ratio A/R at hump
speed

(b) increases A/R at speeds near get-away

(c) raises both the unper snd lower trim limlts
of stabllity

(d) usually-decreases thé range of stable locations
of the center of gravity

(e) increases dlfficulty of directional control at
low speeds (Several cases are lkmown in which
the load of a flylng boat has been limited by
directioneal 1instability.)

(£) incresses the helyht end intensity of spray

Length-beam ratio.- A ariterion relatihé the gross-
load coefflcIent™ Gp, of & fly'ngz-boat hull to the length-

beam retlo of the forebody lLas been established by
analysis of ths soray characteristics of exlsting flying
boats (reference 69). Thia enalxeis sbowas that the load
cenaclty of a hull of conventlonal proportions verles
wlth the [1rst nower of the, beam ani the second powsr of
the. length of forebody. The raximum gross-load coeffl-
.cient for the hull of a multiengine flylng boat may be
determined by the following expression:

)

where Le 18 the length of . forebody, b 1s the bean,
end 'k is'a nondimansional criterion ranging from 0.0525
for hulls with Mght spray to O. 0975 for hulls with
excessive spray.

In references 17 end 18 it'ﬁas'assumed bhat uniform
seaworthiness . may be ralntained by varylng loadlng so
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that the drdft of tlhe maln step at rest remalns a con-
-8tant :proportion  of the length of the forebody of- the
hull. From data in these reports for ovér-all length-
beam ratios from 5.5 to 10. O, the following expression

may be obtalned:
T\2«H
L ) .
C, &« [= '
oS (b)

The approximate relatlonship |

. A
%o (b)-

has also been sunported by Davidson and Locke (refer-
ence 20).on the basls of conclusions reached 1ln general
tests. Tests made in Langley tank no. 1 (reference 8)

. have shown that holding. C,, proportional to L/b glves

very conservative loading at high values of L/b.

v

Resistance data from systematlc investigatlions’ of
length-beam ‘ratio are available in references 8, 17,
16, 20, 91, .and 1:3. The effects of length-beam ratio
on 4'he trim limits of stabillty sre 1included 1n refer<
erice 20. These references Include data on spray wlth-
out power, &r notes on observations of spray, but no
systematic spray Investigations have ‘been made with
powered models of different length-beam ratios,

Vhen the load of 4 hull is held constant and the
length-beam ratio 1s varled by changing length or beam,
the effects of length-beam ratlio are usually obscured
by the effects of changing the slze of the hull. In
varlations of this type, the ‘effects of increasing
length or beant ‘are In the same directlon as those of-
reducing load ‘without changing dimensions. The effects
of increasing the length of a powered dynamlc model:
have been reported in reference L9.

Analysis of data from refsrencés 8 20, end 143.
indicates that when Cp, 1s proportional to (L/b)?
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the spray and reslstance characteristlics are not

dmpalred if 'length-beam ratlos-are inc¢reased from 5.5 .

to 10.5. Fran the same’ anmniysis -the lergth-beam ratlo -

for optimum resistance characteristics depends upon the
lines of the hulls considered. -'There 1s some indication
that the ratlio of over-all 1engﬁb to beam beyond whilch .

no furthor gain 18 obtained 1n hydrodynamic characteristics
1s between 9 and 10 (references 17 and 18). ‘The besk

trim at the hump decreases as length~beam.ratlo.is- .
increased. ' If has besn shown ‘that the stable .range of :
trin is reduced with increasing length-besm ratlo. (refer—.
ence 20).' Recent tegts of a famlly of modela derived:. ..
from thé proportions of the XPBB~1l alrplane indicated.

that the atable range of center-of-gravity locations was
about the same for a length-beam ratio of 9 as for the: .
basic wvalue of 6.3. The principal advantage of high
length=-beam ratio appeurs to be that of réducing length-
beam product and thereby reducing the slze of the hull,

d Dead Rise

Fox most present day flying boats of American design,
the engles of dead rise measured adjacent- to the fore- "
body koel near the step lie between 20° and 25°. Some
recent British designa employ an angle of dsad rlse of
as much as 30° (re¢ference 35).. Angles within the. range.
of 20° to 30° probably represent the best compromise for .
over-all rerformance.

Data on the effect of dead rise are available from
tests of hulls and floats -(references 11, 18, 22, 23,
26, 140, 143, and 25l) snd from tests of planing surfaces
(references 108, 109, 116, and 119)., These data are in
general agreement on most of the effects of dead rise.
Increasing the angle of dead rise .

(a) -has little effect on hump resistance in the T
: range from 15° to 309 . L .

(b) increases resistance at speeds above hump speed

(c) increases positive trimming moment at planing )
: speeds © . .t . .

(4a) raises the.LoWer trim limit'ef.stabi;ity'

(e) reduces the impact loads
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It 1s belleved that Increasing the angle of dead rilse
raises the upper trim limit of stabllity, as indlcated
in references 23 and 108 but reference 22 shows a
slight lowering of thé unper 1imit with an Increase.
from- 20° to 500 in angle of dead rise.

Increasing the angle of dead rise within the
range of 15° to 30° generally reduces the spray but
tests with planing surfaces (reference 119) indicated
an increase in spray with increasing angle of dead rise.
Model tests of a flylng-boat hull with:slightly arched
cross sectlions (negatlwe angle of dead rise) showed
excellent spray characteristics and low resistance
(reference 3).

The avellable information on the effect. of angle
of dead rise on air drsg l1s limlted and 1s not in
agreement. Laangley wind-tunnel tests of three sea-
plane floats having angles of dead rise of 20°, 259,
and 30° (reference 1,0) show increasing air drag with
increasing angle of dead rise, whlle a Britilish com-
pilation of data (reference 19) indicates that alr
drag decreases with Increaslng angle of dead rise.

TPoests of powered. dynamic models of a flying boat
(reference 23) indlcate .that the landing stability is
imprdged by Increasing the angle of dead rise from 20°
to 25

" Forebody

Bow,- Compromlses in tha shape of the bow are
frequertly -made to accommodate bombardiers! windows
or armament in mllltary designs and may be made to
favor seaworthlness, alr drag, or slmplicity of con-
struction. In general, however, certain principles
should be followed 1n order to provide seaworthiness
and resistance characterlistics consistent wlith opera-
tional requirements, with a minimum of departure from
the best aerodynamic form. For a hull that is devel-
oped about a streamline body of revolution, the ailr
drag wlll be at a minimum if the chines are located in .
planes passing through the- axls of the basic body of
revolution (reference 79). (See fig. 3.)
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Axts of warped i
streamline Dbody; :

Axls of:strearlin

Filgure %.- Full developed about a streamline body of revolutibn.
(From reference 79.)

. body of revolution

¢T
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Effects of changes 1n the shape of the bow are
summarlzed as follows:

(1) Insufficient buoyancy forward results in low
trim snd excessive bow spray at low speeds (refer-
ence 79), -

(2) Increasing the "fineness" of the bow below the
chine reduces bow spray (references 55 and 79).

(3) Increasing the height of the bow increases the
alr dreg (references 79 and 139).

(}) Rounding the:chines (1n cross:ssctlon) at the
bow will severely lncrease the bow spray and will reduce
the alr drag at large or low angles of.attack (refer-
ence 79). At angles near those for the minimum drag of
& sultably designed hvll, rounding the chlnes has no
stgnificent effect on the air drag (references 58 and 79).

Longl tudinal curvature of planling bottom.- It is
generally consldered desirable that the forevody bottom
have no longitudlnal curvature for some dlstance forward
of the maln step. A rough rule often quoted 1s that the
buttocks should be stralght snd parallel for about
1.5 beams forward of the step in order to obtain
satisfactory spray, resistance, and -stability charac-

teristics (reference 70).

The more signlificant effects. of longltudinal
curvature of the planing bottom negr the step are:

(1) Convex curvature of the buttocks causes negative
pressures at planlng spseds that may significantly reduce
dynemic 1ift and Impalr the effliclency of the hull
(references 68, 90, and 91). - . )

(2) Longltudinally concave buttocks Lawve little
effect on hump resistance but reduce the resistance
and volume of ‘the spray .at high speeds (references 67
and 119), . '

(3) Concavity that 1s localized near the step in a
length of the order of one-half the beam or less may
cause extremely severe instability. (references 12 and 61).

Warping of bottom surfaces of forebody.- Systematilc
investigations ol warped planing bottoms having stralght
buttocks have been reported in references 22 and 55.
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Warping the. forebody.bottom (dead rise’ indremsing toward
the bow) lowers” the.lower trim limit of stabllity but |
the change at aspeeds Just beyond the hump ls relatively
small.. Thls lowering of the. lower trim 1limlt 1s -

" deccompanied by a lowering gf the trim track, which may
result 1ln a change in the stable range of center-of-
gravity pealtions. The upper trim limit 1s lowered
slightly but not as much as. the lower limit. Increasing
. the. warping increases the resistance at the hump and at
high speeds. The bow spray 1s Improved somewhat by
increased warping, but it 1s also shown 1n references 55
and 79 that by confining the warping to the forward
portions satlsfactory bow spray characterlstics may be
obtained without compromising the planing characteristiles.

Chine flare.- Tests of a large number of varlations
of chIne flare (referencé 9) have shown that good spray
characteristics may be obtained with flare on the planing
bottom confined to a width of about 8 percent of the beam
and ending with a horilzontal or slightly downward direc-
tion at the chine., Wide varlations in the width, radlius,
or final downward angle of the flare, however, cause
relatively small differences in .the spray or resistance
characteristics. Chine flare reduces the height of the
forward part of the spray where the spray leaves the model
above the water. level but has little effect on the spray
where the chine of the model 1s below the water level.
Chine flare has little effect on resistance at the hump
and at speeds near get-away; but the addltlon of chine
flare, by reducing the helght of the chlnes abowve the
keel, causes a sllight reductlon in resistance at speeds
Just beyond .the hump. Chine flare has llttle effect on
the air drag of a hull if the chlnes are located approxl-
mately along the natural lines of alr flow (reference 79).

External chline strips.- Chilne strips may take ths&
form of relatively thin projections extending outward or
downward from the chines (references 23, L3, 76, 98,
14,0, and 256) or of sponsons, as shown in figure l, that
Increase the beam and have a depth approximately equal
to the width (references l,9 and 60). Strips are some-
times incorporated instead of chine flare to Improve
the spray characteristics wlithout involving complicated
construction. In most cases, howaver, external chine
strips of elther type are added to improve the hydro-
dynamlc performance of -overloaded hulls or hulls with
insufficlent chine flare.
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Strips having a width of about 3.percent. beam. and
dowrward- angles of 10° to L50 improve thé spray char- .
acteristics #nd cause some reductlion in resistance .
(references L5, 98, ahd 256). Wind-tunrél tests have _
gshown, however, that such strips increase the air drag
of hulls ‘by.-8° to 20 percent (references L3, 1L0, and 256)

Sponsons on the bow’ and the forward portion of the
forebody have béen used to control the spray of héavily
loaded hulle (references 19 end 0), Model and full-size

r

Figure h - Sponsons extending
T ‘outward and downward. g

teats have Indicated that sponsons greatly increase the

overload capaclty of flylng boats by reducing the bow

spray at heavy loads. Like the thinner chine atrips,.

the "sponsons sigplficantly lncrease.the air drag and.afe

suggested fer-use only when 1t 1s necessary to increase

the lead-carrying capacity of an existing hull.. .Recent

tests (reference li5) have shown that vertical spray strips
—projdeting gbout 3 percent of the beam downward. from the

. chine (fig.-5) are about as effective as sponsons in °

.' | .o52t5:}':|\-\i'

. Figure 5.= Spray atrips extending vertically
downward from chine.
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controlling spray. Information regarding the air drag
of vertical strips 1s not avallable and the valué “of”
retracting this type of spray strip 1s questionable.

. Longitudinal steps.- Longitudinal steps comblned
with TTat surfaeces having little or no dead rise were
used on the forebodles of a number of flylng boats some
years sgo. This type of bottom, in contrast with a
conventlonal V-bottom, increases the resistance at low
speeds and decreases the reslstance at speeds near get-
away (reference lL.). Apparently no data are available
regarding the effect of an arrangement of this type on
dynamlc stabllity.

One model has been Investligated to determine the
effect of reversed lap strakes, simllar to the clinker-
bullt arrangement of ship planking (fig. 6), added to a
planing bottom of the forebody of conventional form and
proportions (unpublished datai. Reslstence tests were
made of the model complete wlth a conventlonal afterbody.

Flgure 6.- Arrangement of longltudinal steps for
NACA model 20l;. Depth: of longlitudinal steps,
1 percent of beam. )

These strakes had negliglble effect on the reslstance

at the hump but ceused some reductlon in resistance at
higher gpeeds. The spray from the model with lap strakes
was nore finely broken up than that from the parent model
but had about the same volume and helght. The effect on
dynaemic stabllity has not been investigated. -
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Another variation of longltudinal steps has been
tested on a powsred dynemic model (reference 61). This
modification consisted of a triangular strip on either
side of the planing bottom forward of the step, as shown

in figure 7. A depth of step of 11.5 percent of the beam
) .

=
. O- ) .
'EEI;;;:::ii::;;::::j S
Ll b "ol )
o2 Stop

\ljl‘

Figure T7.- Trisngular strip added to
planing bottom. _

was required for adequate landing stabllity wlthout the
longi tudinal steps. Longlitudinal steps of the dimsnslons
shown provided adegquate larnding stablllty when used in
conjunction with a depth of stem of 5 percent of the beam.
It was also found that longitudinel steps of the same

type but of larger slze provided adequate landing stability
with a depth of step of as little as 2 percent of the beam.
With this configurastion the strips hed a cross-sectional
area equivalent to an increase in depth of step of less
than 1 percent- of the beam so that the combined cross-
~sectlonal drea of step and strips was less than half
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the area normallyrequired for sufficient ventilation

_.Quring take-offs end lendlngs: ™

Fluted bottoms.~ Model tests (references 25 and 26l)
have indlcated that the substitutlon of a fluted bottom
(fig. 8) for a conventional V-bottom causes some reduc-
tion in spray and a reduction in resistance at high speeds
but causes little change in resistance at low speeds and

Chin Chin
I J
Y Keel Keel

Figure 8.- Exemples of fluted bottoms.

at the hump. The effects of flutes on dynamic stabllity
have not been iInvestigated but no adverse effect has
been observed on full-size applicatlon. The princlpal
advantages of flutes appears to be that of improving the
structural efficliency.

Bottom r hness. The increase in friction coef-
ficlent Of =& anLug r surface with rivet heads 1s directly
propo"tional to tne helght of the rivet head above the
surface. The order of mwerlit of commonly used rivet heads
in relation to low water resistence 1s: flush countersunk,
oval countersunk, brazier, and round (reference 1l0l).

With a —l—-full—size seaplane model, the lncrease 1n

total water resistance caused by round-head rivets varled
from 5 to 20 nercent at hump speed and from 15 to L0 per-
cent at high speed.- The use of round-haad rivets
increasass the total alr-plus-water resistance of a single-
float ssaplane less than 5 percent at huwp speed but as
much as 25 percent at high speed. If the total resistance
18 calculated by Froude's law, 1t 1s found to be 2 percent
higher at hump speed and 8 percent higher at planing speeds
than that calculated by taking into account the effect of
scale on frictional resistance (reference 138). Con-
sldereble dlfficulty has been experlenced by service
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organizations in maintaining watertightneas with flush
rivets of the type currently in use.

Afterbody

A primary function of the afterbody 1s to provide
buoyancy and planing area aft. of the center of gravity
so that trims at rest and at low speeds are acceptable
for practical operation. At speeds Just before the
hump and at hump speeds, the dyneamic 1ift developed by
the afterbody planing surface 1s one of the principal
forces that controls the trim and, therefore, the water
resistance. At planing speeds, the aspray that strikes
the afterbody increases the water resistance and changes
the trimming moments. Take-off and landing instabllities
that occur at high speeds anmd trims are assoclated with
the posltion amd form of the afierbody.

In general, changes in the afterbody that increase
the afterbody clearance increase the static trim, increase

‘the hump trim and resistance, decrease the high-speed

resistance, shift the pesk of the lower trim limit to
lower speeds and higher trims, and also ralse the upper
trim limita. The trim tracks {(variation of trim with
speed) are shifted in the same direction that the trim
limits are changed. In tests at the Langley tanks, no
combination of conventlional forebody and afterbody
planing surfaces has been found that eliminates elther
the lower or the uvper trim limits of stability or that
suppresses the upper trim limit at high sveeds.

Afterbody length.- An increase in afterbody length
lowers tne lower trimr limits of stability at hump speed
end lowers the upper trim limits (references 21, 22, 23,
L8, 61, and 100). For a glven depth of step and angle of
afterbody keel, landings are more stable with a short
afterbody than with a long afterbody (references L8 and 61)
The depth of step requlred for the lending stabllity of
a model with an engle of afterbody keel of 6.2° was
approximately € percent beam for an afterbody length-
beam ratio of 1.7 and approximately 13 percent beam for
an afterbody length-beam ratio of 3.2 (unpublished data).

An increase In afterbody length without any change
in forebodv length decreases the hurp trim and resistance
(references 21 and 22) and may sometimes increase the
spray in the propellers. Experlence has shown that
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decreasing the trlm reduces spray -in-.the region of the

. flaps (referemnce 23). The tests .described in reference 23
indicated that an Increase 1in the length of the after-
body decreased but did not remowve the directional Insta-
bility at low speeds.

’ %Egle of afterbody keel.~ An Ilncrease in the angle
of afterbody keel ralses e lower trim limits at low
speeds and ralses the upper trim limits (references 21,
22, 43, 93, and 100). For a glven depth of step end
length of afterbody, landings are more stable with a low
angle of afterbody keel thaen with a high angle of after-
body keel (reference l;8). The depth of step required for
landing stabllity of a model with an afterbody length-
beam ratio of 2.7 was approximately 9 percent beam for an
angle of afterbody keel of l4.8° and approximately 1l per-
cent beam for an angle of afterbody keel of 9.3° (unpub-
lished data). For some comparisons involving changes in
both depth of step and angle of gfterbody keel, the angle
between the forebody keel and a line Jolinling the step ard
sternpost, called the stermnpost angle, 1s a useful
parameter (reference 22).

In testa of three serles of models (references 1,
11, and 79) an increase in angle of afterbody keel
from L© to 992 incressed the free-to-trim hump resistance
approximately 25 percent and the best-trim hump resistance
approximately 15 percent.

Low angles of afterbody keel decrease the static
trim, increase the tendency for spray to come over the
bow at very low speeds (reference 55), and decrease
the hump resistance at low speeds (reference 11l).

Aerodynamic drag measurements (reference L43) indi-
cate that differences in drag are practically negligilble
for angles of afterbody keel of 6° or leas. At larger
angles the aerodynamic drag increases appreclably.

Afterbody warping.- Effects of systematlic changes
in warping have noE bsen extensively investigated. From
the more or less lsolated investligatlions that have been
made the following results are of lnterest: '

(1) Warping in a manner that decreased the angle of
dead rise at the sternpost reduced the hump trim and :
resistance (reference 79).

(2) Warping in a nanner that increased the angle of
dead rise at the sternpost from 0° to 30°, with straight
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buttock lines, raised the lower trim 1limit at hump speeds
and ralsed the upper trim limits (references 21 and 22),
Increesing the angle of dead rise at the sternpost of a
dynamic model from 20° to 30° ralsed the lower trim limit
at low speeds, dld not affect the upper trim limits
except at low speeds, and slightly reduced the yawing
instability at speeds below the hump (unpublished data
from Lengley tank no. 1).

(3) Increasing the angle of dead rise to a maximum
nenr the midlength of the afterbody has not signiflcantly
affected the lending stabllity of models (references 23
and 61). It should be noted that tests of a full-size
flying boat (PBM-3) with an afterbody having this type
of warping showed satlsfactory landing stabllity with a
depth of step of 5 percent of the heam and a loed coef-
ficlent of 0.8 (reference 3l.), Whether the warping con-
tributes to the satlsfactory characteristics 1s not yet
established.

Alfterbody plan form.,~ The plan form of the after-
body appears to be ol secondary significance in resistance
and porpolsing characterlstics compared with the length
of afterbody, angle of afterbody keel, and angle of dead
rise, Changing from a pointed plan form to one with a
transverse second step had no significant effect on the
hump reslstance (reference 9), reduced directional
instability at speeds below the hump (references 23
and T3), and increased the alr drag (reference 18).
Modifying a polnted afterbody to form a cusped plan
form reduced the unstable yawing moments at speeds below
the hump (reference 10),

Afterbody chine flare.- Afterbody chine flare
increases tho dynamic 11Tt of the afterbody and reduces
both the hump trim and hump resistance (references 21, 22,
and 79). If the spray does not bresk clear at the after-
body chines, suction forces may develop that Increase
both the hump and high-speed resistance (reference 70).
Under these circumstances, the use of chine flare 1s
asdventageous and wlll reduce the landing instabilitiles
(unpublished data).

Position of Center of CGravity and Location'
of Main Step

Prellmlnary deslgn.- It has been suggested (refer-
ence <8) that the center of gravity be located on a line
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passing through the step and inclined between 15° and 25°
forward of a line normal to the forebody keel. Teats of
powered models of current design indicate that a range
from 10° to 20° may bé& preferable. If the plan form of
the step 1s other than transverse, the centrold of this
plan form may be used as an equivalent location (refer-
ence 100). Reference 70 suggests that with the airplane
approximately in a stalled attltude the center of gravity
should be directly above ths step. For alrplanes with
abnormally high angles of stall, the maximum trim expected
in landing may be more applicable than the trim at stall.

Effects upon dynamlc stabllity.- Variation 1n the
position of the center of gravity has negliglible effect
upon the trim 1limits of stability (references 100
and 106) but has a large ‘effect upon the trim tracks and
consequently upon the probabllity that porpolsing will
be encountered. A forward movement of the center of

avity lowers the trim track, and lower-limit porpolsing
%{ow angles) may be expected et speeds Just above the
hump. An after movement of the center of gravity ralses
the trim tracks, and upper-limit porpoilsing (high angles)
may be expected near get-away., Instabllities while on
the water may therefore 1limit the range of positions of
the center of gravity that can be used for take-off.

The rost forward position of the center of gravity
at which a flylng boat can operate 1s genecrally limlted
by aerodynamic requirements for contrnl and hydrodynemlc
requlrements for stability. The maeln step 1s best
located so that the hydrodynamlic requirements for stablllity
are met at the most forward positlion of the center of
gravity at which the flylng boat will operate. The maln
step must be located so that, with the center of gravity
of the flylng boat at 1its most forward position, lower-
limit porpoising can be avolded during take-off. 1In the
event that porpolsing does occur, positive trimming moment
(up elevators) should be avallable for increasing the trim
to angles above the lower trim limit. This procedure has
been used for locating the position of the step during
teats in the Langley tanks (references 10, L7, 60, 61,
6%, and 100).

Relocatlion of step to improve stability of model or
full-size alrplane.=- model or Ilight Ees%s Indicate
thet the most forward positlon of the center of gravity
which 1s stable for take-off does not colncide with the
position requlred from eserodynamlic conslderations, the
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loocatlon of the step or of the wing may have to be

changed, If relocation of the wing 1s impractical, ths
step should be moved approximately 1.3 tilmres the distance
the positlion of the center of gravlity for take-off must

be shifted. The factor 1.3 1s the ratio of the gross

load of the airplane to the approximate load on the water
at speeds and trims at which lower-limit porpolsing occurs.

Because of the angle between the forebody and the
afterbody, a forward rovement of the step results 1ln a
reduction in the depth of step that may impair the landing
stabllity. A vertical dlisplacement of either the forebody
or the afterbody planing surface is then required in order
to maintaln adequate depth of step. An after wovement of
the stev results In an increase In the depth of step
which may ceuse 8 slight increase in the hump trim and
reslstance but which also tends to incrsase the landing
stabllity. A forward movement of the step therefore 1s
likely to be more costly and difficult than an after
movement of the step. In preliminery design, 1t is
desirable to favor a forward poslition of the step if
further wodifications are anticipated.

Depth and Form of Maln Step

Depth of step.- An increase in depth of step reaises
the lower trim l1llmlt et low speeds, raises the upper trim
limits, and reduces the violence of upper-limit porpolsing
(references 21, 22, 62, 71, 100, and 103). High negative
pressures occur on the afterbody Just aft of a shallow
step during landing and high-angle vorpoising (refer-
ence 78). An increase 1n depth of step lncreases the
landing stabllity by rellieving these suctlion forces
(references 47, L9, 71, 78, 9%, end 100). Landing
Instabllitles of models of two alrplanes were investi-
gated 1n the Langley tanks and Iin voth instances increases
In depth of sten resulted in satisfactory lending char-
acterlstics. A similar increase in depth of step of the
full-slze alrplans was accomplished by an after movement
of the atep, end satisfactory landing characteristics
were obtalned for both airplanes (reference 71).

Increase in depth of step increases the hump trim
and resistance and decreases hlgh-speed resistance
(references 7, 21, and 22). The aerodynamic drag of
the hull is increased 10 to 15 percent by the presence
of the step (references 18, 23, and L3) and the drag
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of a transverse step 1ls approximately proportional to
' the area of the rise of the atep (reference—}i3).

Exceptlonally stable landings of a model have been
obtaine? with the depth of step reduced to zero (refer-
ence 13),

Ventilation of the step.— In the absence of adequate
depth of step for landing stability, the use of ventila-
tion ducta Just aft of the step and as. near the keel as

ossible has been successful on models (references h?,
9, 71, 78'2325 100, and 2};3) and on full-size airplanes

(reference Ventlilatlion does not affect the lower
trim limit of stability but ralses the upper trim limits
slightly (references 47, 49, 78, and 100). When a shal=-
low step 1s used, ventilatlon 1s also effective 1in
reducing a resistance peak that occurs Just before hump
sapeed (reference 27). Ventilatlon apparently has no
effect on directional stabllity (referencs 10).

Steg falrings.- Tn an effort to recduce the aero=-
dynamlec drag attributed to the presence of a step,
fairings have been used aft of the step. Results of
tests in reference 18 indicated that the step drag was
practically eliminated by a falring extending baclz six
times the depth of the step. Falrings leaving half the
depth of step were less effective whille concave falrings,
extending back five times the depth of step, saved only
one~sixth of the step drag. Tests reported in refer-
ences 37 and 58 showed similar reductions in alr drag by
use of step falrings. The addltion of a step falring to
one of the Short Brothers flying boats (reference 260)
Increased the top speed by approximately 5 mlles per hour.

The most notable use of step fairings Has been on
the Short Sunderland flying boat, which has a step that 1s
V-shape in plan form., The hydrodynamic stabllity in take-
off and landing is In gener affected adversely by the
addition of a fairing to a copventional hull although the
characteristics of the Sunderland In this respect appear
to be satisfactory (references 1l, 18, and 35). Tests of
a powered model in Langley tank no. 1 (reference 1) indi-
cated that when a falring 1s added to a conventional
transverse step the use of ventllation 1s advlsable 1n
order to obtaln satlsfactory stability. More recent tests
(unpublished) of a model with a falred V-shape step indi-
cated that satlisfactory stablllity may be obtalned without
ventllation and that further investigation of the effects
of plan form of the step and camber of the falring would
be desiragble,
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Plan form of step.- A transverse step 1s the simplest
form of step and has been used on rost flying boats and
seapleanes. Other plan forms of step, however, have been
uged on full-sige alrplanes or tested on modela. Some
of these forms are shown in flgure 9. The effect of

Forebody
T fj N
RN
IR N R

v Swallow tall Notched

Figure 9.~ Plan forms of step (6, angle of V
or swallow tail).

change in the plan form of the step on the larding

© stabllity cannot be lsolated because the laending stabllity
18 s0 closely assoclated with the depth of step. Tests

descrlibed in- reference 77 indlcate that, with the same

depth of step at the keel, the landing stabllity of a

rodel with a transverse step and with a 30° V-step are

comparable. :

The lower trim 1lirit is not greatly affected by
changes in plan form of the step %reference 100) but in
2ll probaebility the upper limlts will be shifted in the
direction expescted from the change in the depth of step.

Side Steps amd Skegs

When operating at overloads, several present-
day flying boats are directionally unstable at low
taxying speeds. Unstable yawing moments are increased
by the flow of water over the sides of the afterbody and
tall extenslon. The dlrectional control available by
throttling englines on one side lowers the reserve thrust
and lncreases the time of operating in the yawlng reglon.
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One means of reducing the directlional instablllity by
breaking the undesirable flow is by use of vertlecal ateps
on the sides of the afterbody. 8Such steps reduced
unstable yawing moments on & model snd were succeasfully
used on the full-size airnlene {reference 82). The .
directional instabllity of a model was reduced more
effectively by multiple side steps than by a single
slde step (unpublished data).

The addition of skegs to the afterbody and taill
extension reduced unstable yawing moments. As the speed
increased, the effectiveness of the skegs decreased as
they came out of the water (referencé TL). Several
arrangements of skegs on the full-slze selrplane were
tried, and the results obtained were similar to those
observed for the model. It should be emphaslized that
skegs, steps, and spollers may substantially reduce the
unstable hydrodynamic roments but may not be completely
effective in.stabllizing an alrnlene in which rotation
of the slipstream contributes an additional yawing
moment .

Tall Extension

Although the functlon of the tall extension of a
flving boat 13 slmllar to that of the tall extension of
e comparable landplane, the additional problems introduced
by the flow of weter over the tall extenslon and the
necesslty for spray clearance comrplicate the design. The
flow of water over the tall extenslon may increass the
violence of upper-limit vorpoising, may lntroduce landing
Inatabllity at hlgh trimrs, may increase the hurp trim and
reslistence, and ray contribute to dlrectional instebility.

The addition of a planing surface or spray strips
on the tail extension may be necessary to prevent excesslve
wetting of the horlzontal tall surfece or tall turret
(references 7l and 79). The »nlaning action of the tail
extenslon may decrease the hump trim and resistance by
developing dynamic 1l1ft (references 39 and 79).

Although the flow of water over the tall extension
may sontribute to the directional instablllty at low speed,
the removal of the tall extension does not eliminate hydro-
dynamic directional instabllity (references 23 and 56).

Ani inoreass in vertical clearance of ths tall extension,
a negetlive~-dihedral hydrofoll on the tall extenslion, and
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sn inverted-~V cross section on the tall extension were
tested on a model and found to be only partially effective
in counteracting yawing tendencles (unpublished data).

A vlaning surface on the tall extension of a model caused
no reduction in unstable yawing moments and increased the
reange of speeds over which they occurred (reference Tl).

FLOATS FNR SEAPLANES

Much of the preceding discusslon relative to hulls

1s also applicable to seaplane floats. In particular,
the planing sreas of hulls and floats are zenerally
similar, The dlscusslions of the geometric parameters
_of hulls relasting primarily to stable planing motions

will therefore not be repeated in the sections on floats.
In the design of. floats specleliconslderations arise from
the lower reserve buoyancy, the relatively greater dlstance
from the center of gravity to the keel, and the absence

of a tall extenslon. For twln-float designs an additional
congideration 1s that the distance between the floats must
be chosen to insure tranasverse static atability.

Over-all oroportions and shape.- Adherance to the
requiTements for Jlongltudinal statlc stablility usually
results in length-beam retios for floats that are larger
than those customarily used for flylng-boat hulls =
aversging about 7.35 for float seaplanes as compared
with 5.27 for hulla (from tabulations in reference 57).
The average length-beam ratio currently used for twin
floats appears to be somewhat greater than that for single
floets.

The shape of the bow of a float skould be generally
similar to that of the hull, but the low height-beam
ratlo restricts the possible variations 1n the shape of
the bow of a float. Llines of representative floats are
included in references 123, 139, 1,0, and 1i:3, together
with dats regarding the serodynamlc and hydrodynamic
characteristics of a wlde range c¢f changes in shape of
ths bow.

Dead rise.- The effects of changes in dead rise are
generally Lte same for both hulls and floats. Aerodynamic
and hydrodynemic data aere presented in reference 140 for
floats having angles of dead rise of 20°, 25°, and 30°. In
American practice the average dead rlse for floats appears
to be higher than the dead rise for hulls (reference 57).




NACA ACR No., I5@28 29

Statics.- It .has been the practice in float design
to fiX the volume. of the floats s¢ that the buoyanecy is
-——-» -gome predetermined percentage of the gross load, varylng
~——-hetween 180 snd 200 percent (references 120 and 121).
In any case there should be enough excess buoyansy to
prevent- the boy- from submerging at low.taxylng speeds,
A large excess buoyancy allows a lower and more stream-
line form of 'how to be used. The high englne torque
inherent In naeing seaplanes created sueh en eccentriclty
of loading:in bhe -case .of the S.5 (reference 256) that 1t
was found necessary te make onse flcat lerger than the
other for asatisfaetory qpray charaoteristics.
The length of floats must be sufficlent to assure
static longltudinal stablllity., -According to refer-
ence 154, the longitudinal metacentric height GM for
elther single or twin floats 13 glven with sufficlent

i accuracy by the empirical equation
t

..-.' . . KanBIj. ’
- e cOM = —r

A

where
number of flnats (that 1s, oms or two) .
. feam nf 2ach float, fsat

over-all langth, faeet

B - N v B« : B

gross weight of seapleane, poundq

. Ky a constant norrally varying between 1.90 and 2.40
with an averags value of 2,10 .

The Canadlan requirements (referenoe 120) fop twin-float
seaplanes speclfy that the 1ongitudinql metacentric height

shall not be lesc than
6\? D

. where - D l1s.ths total dlsplacament of.the seaplane 1n
cublec -feet, As the reserva buoyancy.is determined from
othgr considerations, the -requirements for static longl-
tudinal stability indicats that-the length«beem ratios of
twin-float arrangements will be larger than those of
single-float arrangements. Single-float ssaplenes have
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1ength-beam retios varying from 5 to 7 while twin-float

séaplanes have length-beam ratios varying from 7 to 8—
(reference 57).

Bffect of speclng between floats.- Tests of a mrodel
of the S.5. EwIn-EIoau seaplane (relisrence 256) show
increases in resistance with float spacing up to 20 per-
"cent, apparently caused” by heavy spray wetting the tall
plane and other parts of the structure. Unpubllished
data from’ Langley tests for spacings ranging from 2 to

5 beam lengths, kéel to' keel, showed small differences
in resistance that wore almost within the accuracy of
measurement. ’

Alr dre of rloats.- Results'of wind-tunnel tests
of seaplene floats show that ths form of the bow strongly
affects the rinirum drag and the veriation of drag with
angle of pltch. The.engle of afterbody keel affects the
angle of minimum drag end ls of practlical significance in
the cholce of a configiration for which the minimum drag
wlll occur within the desired range of flylng spoeds
(reference 139).

Tests of a full-slze float searlane in the Langley
full-scale tunnel (reference 1h5) indicated that the
meximur speed would oe.increased from 307 to 336 miles
per hour by removing the mairn float {77 psrcent excess
buoyancy). The seaplans had. a power loading of 5.9 pounds
per horsepower and a wing loading of 27.2 pounds per
square foot. Tests of four full-slze floats in the
lLaengley propeller=-research tunnel (reference 127) indi-

- cated that a radical change in the Jdesign of the floats
"was required to obtain significant reductions in the alr
dreg. Reducing the depth of stepr to zero decreased the
.minimm drsg about 16 percent, Adding a falred taill
extension to a float with a blunt stern reduced ‘the

drag 8 percent. The ‘flow of air oVer the floats was
shown to be so turbulent that minct refinements such as
flush rivets and recessed fittings would not appreclably
reduse the drag.

Dynsmlc stabllity of float seaplanes.- Porpoising
end sXipping have appeared to be ol much less practical
significance 1n ‘pperating float seaplaries then in operating
flying bodts., Although differences have not been carefully
_ analyzed, two, differences ‘between the types are noteworthy
in comparing ths stability characteristics: ' the pitehing




NACA ACR No. I5G28 31

radius of gyration of a float seaplane is generally .
larger than that of a comparable flylng boat; and recent
practice has been to provide relatively deeper steps on
floats than on hulls. Another consideration 1s thet for
ml ll1tary use a number of the different types of Ffloat
sepplane have had conslderably lower power loadings than
the patrol and cargo types of flying boat.

LATERAL STAHL LIZERS

Types of lateral stabllizer.~ Three types of lateral
stabllizer have been used in the peast: 1nboard floats,
stub wings, and wing~-tip floats. Neither inboard floats
nor stub wings have been used, however, In recent designs.
Inboard floats are located inbcard of about one-third the
semlspan of the wing and therefore must be larger than
wing-tip floats in order to devslop the same righting
moment, Inboard floats usually have a shallow draft at
rest whereas wing-tip floets are gensrally loocated to
clear the water at high speed swd, because of thelr
locatlion, only one wing-tip float contacts the water at
reast. Stub wings (referenze 156) extend outward from
the chire near the mein astep in the form of aerodynamic
wings of low asvect ratlo. The evidence seems to be in
favor of wing-tlp floats for lateral stabillzers because
they are relatively small, thelr muximm restoring moment
1s developed at small angles of heel, and they are not
influenced by thy [low of water oroduced by other parts
of the seaplane.

Hydrodynamle data cnncerning .wing-tlp floats.~ The
usual consideration in thLse choice ol the snape [or a tip
float has been that any lines suitable for a maln float
are adaptavle for a tip float (reference 1L7). The
contour of the bottom of a tip float 1s generally made
to resemble that of a V-bottom hull and tha required
volume 1s then dlsposed 1n a manner either to obtaln
minimum 8erodynamlc drag or to comply with other requlre-
Tegﬁs (for example, retraction) of the specific instal-

atlion.

The performence eharacteristiocs during operation at
low speed have besn determined for a number of typlcal
deslgns of wing-tip floats. The data have been obtained
from tests in towing tanks 1n the speed range at which
wing-tip floats are necessary. Some of these data are
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reported in references Tl., 152, 153, 160, and 16L. A
significant result of the tests has been the placing of
emphasis upon the importance of designing the lines

above the chines to avoild losing 1lift at large drafts

and thereby to prevent "digging in" of the float. Wing-
tip floats have been built with steps to incorporate a
satisfactory planing surface on 2 form that will have

low air drag in flight. Later tests, however, have shown
that low air drag and satisfactory performance at low
speed can also be realized without a step (refersnce 16l4).

Captain H. C. Richardson has emphasized in letters
to the NACA that the behavior of a tip float in drifting
astern is of special importance in the event of a forced
landing. His experience in "sailing" a disabled flying
boat, the NC-3, for a distance of about 200 miles in the
Atlantic Ocean (reference 211) led to the conclusion that
satisfactory seaworthiness requires the tip float to be
free of any tendency to "dig in" when making sternway.
Specific test data are not available for tip floats
moving astern but it has aopeared that a float with a
step is advantageocus because the "afterbody" may be
sloped upward to develop 1lirft.

Hydrodvnamic characteristics of stub wings.- Inter-
ference between the water flow around thke hull and the
stubs affects the resistance, the trimming moment, the
dynamic stakility, end the transverse static stability
of the flying boat. Tests of a limited number of con-
figurations indicate that stub wings reduce the hump
speed without significantly affecting the magnitude of
the hump resistance, reduce the trim at zero applied
moment (reference 1L6), reduce markedly the region of
speeds end trims in which low-angle porpoising occurs,
and adversely affect the upper trim limlt of stability
(reference 163). Data regarding the effects of varl-
ations in the position of stub wings are given in refer-
ences 1116, 119, and 151. At rest, stub wings develop
their maximum righting moment at very large angles of
heel; hence, the righting moment may be insufficient when
the hull is 1lightly loaded. Underway, the stub wing is
subject to the influence of the bow wave that leaves it
free of "solid" water through a small range of speeds.
If the flying boat with stub wings is not accelerated
rapidly through this speed range, it may heel sufficiently
to submerge a wing tip.

1 Air drag.- The air drag of tip floats'amounts to
35 to 8 percent of the total drag for a number of flying
boats that have wing-tip floats currently considered
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well streamlined. Reference 150 presents data showing

the air drag of wing-tip floats to be of the same order

of magnitude as the air drag of well-falred unretracted
landing gear on comparable landplanes. Reference 18
contains a comparison of the air drag of six configurations
of flying-boat hulls differing only in the arrangement of
the lateral stabilizers. (See fig. 10.) Results of tests
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Figure 10.- Comparative dlagrams of  alr drag of hull and
lateral stabilizers. Numbers give drag relation to
basic hull, taken as 100 (from reference 18).

of four different types of conventional wing-tip float
(reference 153) led to the significant conclusion that
the chines of an unretracted wing-tip float should be
alined with the air flow in cruising flight to avoild
excessive air drag. The air drag of partially retracted
tip floats may be estimated from data concerning pro-
tuberances on the lower surface of the wing (refer-
ences 157 and 153).

Present status of design criterions.- Several dif-
ferent specifications and criterions have been used in
the past for lateral stabilizers (references 51, 59,
and 251). Current American practice conforms in general

- to the specifications given in references 6 and 1.7.
The specifications present formulas for computing the
size of conventional lateral stabillizers for obtaining
an arbitrary minimum lateral stability at rest. Current
practice is to provide the righting moments needed to
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counteract the unsetting moments due to gravity and
cross wind and to provide an addltioral reserve buoyancy
determired on the bssias of past experience. For the
larger sigzes of flying boat thie reserve buoyancy 1ls very
rmuch larger than elJther of the other two allowances
(reference 162) and a more detalled examrination of the
desion requirements than heretofore omployed 1s consldered
necessary if ths structural and aerodynamic effliciency
are not to be unduly impalired by tha tip floats. 1In
reference 155, the numerous upsetting moments including
propeller torque, unsymmetrlical sllipstreem, and wave
slope are listed in cutlining a procsdure for defining
in detail the necessary buoyant and dynemlie character-
istlce of tip flosts. Thers is sore Iindication that,

if the tip floats can be dssigned to have sultable
dynamic reactlion vhen submerged, sraller tip floats than
theose currerntly msed ou large Tfiylng boets may be
adequate.

Unconventinnal forms of stabiligars.- A largse reduc-
tion In drag of a filxed tip Iloal rignt be realized by
using a streamline spindle fitted wvith a hyirofoil instead
of a conventlonal shane. Stabilizers of tzis “ind are
shown !ln refersnce 1i6 end test results ars presented in
referencas 159 and 161. A comparison of ths drag of the
stresamlline shraoe with that ~f a 2cnventional wing-tip
fleat is made in refererces 1LE. A stresmline float of
rectangular crrss section with a hydrofoll was used on
the ND-1 float scanlene but test results do not apvrear
to be avellabla, "Mmtil ad=zquats data &re avallable for
predictinz the hydrodvnanlc 1ift and drag cof hydrofoils,
this type of comf!guration canno>t be designed with
assurance that the bigh-~-spe=sd charscterlstics will be
satisl’actory.

Broad, shallow flozta havins ths form of a some-
what distorted soherical segment have been suggested
(refersnce 150). TUnpublis-ed datu from tank tests indi-
cate tiat, althouch retrection would e faczilitated, thils
shape would give rise to very larpe dynerlc 1ift that
would necesslitate a type of oleo etrut f-r nperation in
rouch vieter. HRanid retraction and ertension would psrmit
the wing-tlp floaets to be locatsd out of denger at high
speed.

A very interesting possibility for ootalning latsral
stabllization, especislly for bhirh-psrformance single-
encine ssaplanes, is by usa of the dynamic and ouwoyant
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properties of the wing located in the low-wing position,
es described in the sectlion entitled "Unconventlional
Configurations."

Emerzency devices.~ When 1t 18 necessary for a sea-
plane to remaln &t rest under abnormally ssvere condi-
tions, emergency stabllizing devices can be provided in
the form of sea anchors (trimming buckets, canvas bags
f11led with water end hung in the water frorm an outboard
positlion on the wing, as shown in reference 32) or
inflatable devices. . .

AERODYNA¥IC AND FPROPULSIVE CONSIDERATIONS

The aerodynami~s and propulslive arrangements for
flylng boates are vrimarily determined by thelr flight
perforrance specifications, which are beyond the scope
of thls revort. Hydrodynamls conslderetlons that may
modlify these conflauratlons sre discussed 1n this sectlon.

¥ing.- The ara2a of the wing 1s determinsd by the
service cnnditions for which the flylng bost 13 designed.
The main effect of high wing lrnadings on tre talre-off
performance of @& flying boat appears in the higher get-
away speads. As the get-away spezd becomes higher, the
rosistance at Lh'igh speeds bzcomes more significant.
Computations show that takc-off performance 1s lmproved
by incraasing tho aspesct retio (refersnce 167). The
angle of incidence of thas wing 1s of significance 1n
relation to the hump trim and the trim of the hull in
flight. When the high-spead resistance is critiecal,
the setting that givea best take-off characteristics
may be taken as spproximately that which gives minimum
total resistance at 65 vercent of the stalling speed

(refersnces 90 and 167).

The general practice in airplasne design 1s to mount
the engine nacellas on the wing with ths thrust line
approximating the chord of .the wing. . Current practice
shows that if the propellers have adequate clearance
wings and flaps are sdequately clsar. (See section
entitled "Propellers.!) : '

Flaps.-.The effect of flape on ths take~off 1s
espeoiaIEy pronounced on airslanes heving high wing and
power loadlings. Although flap deflection increases the
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total resistanpge, 1%t generally improves the tseke-off
performance by lowering the stalling speed. The

optimum teke-off can be mads by texying to high speed
with the flaps up and deflsaeting them part way for take-
off (reference 170), Deflecting the flaps reduces the
load on the water and causes & bow-down moment (refer-
ence L7). By raduction of the lcad on the water the
trim limlts are generally lowered slightly, particularly
at high speeds. Ths bow-dawn moment requlres up-elevator
deflectlons to counteract 1t and shifts the stable rangs
of center-of-gravity positions aft (reference 166).

The 11ft on ths wings ¢of a flylng boat moored on
the water may be reduced by flap~type aspolilers mounted -
on the upper surface of the wing between 5 and 20 per-
cent of the chord with no zapn between them and the wing
surface (reference 171). Thlis device should be useful
1f an alrplane having a law wing loading 1s to be
moored in a high wind,

Tall surfaces.- The horizontal tall 1s usually
mounted rather high to clear the sprmy. At low speeds,
the roach may wet the tall heavily. At higher speeds,
the spray 1s higher st the tips of the tall than at the
roct so that the use of consideratle dihedral angle may
be advantageous; 1n fact, this dlhedral angle may be
carried to the extreme of employing a V-tall (refer-
ence 169). Approximately the same total area 1s required
but there 1s a posslbillity of reducing the alr drag by
eliminating one lntersection with the fuselage. The
control system presents a compllcated design problem.

The eaerodynamic stebllity derivatives have some
effect on hydrodynamic stabilitF (references 116 and 106).
It 1s pointed out in reference [i6 that for the cases
consldsred therein 1t was quite imposslble to neglect "the
aerodynemic factors although ths hydrodynamlic effects
appeared to be much mare lmportant than the aerodynemle
factors,

. Variations from the usual size of the horlzontal
tall have a smrall effeet on the lower trim limlt of
stabllity. Reference 22 shows that increasing the
demping in pitech due to the horizontal tall M; dJecreases

the lower limlt of stabllity. The decreass is small at
low speeds end 1s appreciable at high speeds. At a
given high sneed, ths effact of increasing tall area
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becomss less marked as the tall damping lncreases ard
18.not very signifigant et the normal values of tall
demping. These trends are also ihdiscated in refer-
ences 5% anmd 106. The tall dawping has a negliglble
effect on the upper branch of the upper trim limlt of
stabllity.

No data have been published on the smount of yawing
moment required of the vertiocal tall {or of water rudders)
to malntain control throughout the texi and teke-off run.
Unpublished data indicate that a wodel of a flying boat
with a gross-load coefflielent of 1.05 at a speed coeffl-
olent of 2.6 required a yawing-moment coefficient Cp
of 0.12 to malntain a stralght course. The yewlng moment
coefficient

n = Jawing woment
“n < b,"'
w

whore w 1s specific weight of water and b 1s the beamn.

Pronellers.- On some heavlily lnaded flyinpg bosats,
spray i{rom the forebody enters the rropellers Z2uring a
short range of speeds Just »rior to huwnp srtead. For any
Siven conventicnal flylng boat, both the Intsansity of
the spray end ike wldth of the speed range when the
snrey 1s 1n the oronellers increase with increasling gross
load (referenze 61).

Tne inflow of 2ir tn powered nropellers pilcks up
spray that would not hit the windmilling propellers
(reference 7C). Soume sprey profiles for unpowersd models
are piven in references 20 and 25l.

The right~hand rotation of nropellsrs tends to make
the flylng boat yaw to the left. During teke-~off, the
hull 1s direztionally unstable just below the hump. A
heavily loaded flying boat with right-hand propellers
often makes uncontrollable turms to the left at this
speed. With opposite rotetion of ths propellers, the
yawing characteristlcs are symetrical about zero yaw.
Propellers turning inboard at the too provide slightly
better rudder control than those turning outboard.

Reference 78 showa that the effect of power on trim
limlits and center-of-gravity limits of a wmodel 1s large.
The effect of the slipstresm and thruvst is to change
the load on water and the trimming moment and to influence
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the water flow around the.hull. Decreasing the power
loeding of a flylng boat increases the acceleration
during take-off but reference 50 shows that there 1s a
relatively smell change in the stable center-of-gravity
renge with change In acceleretion.

Jet propulsion.~- Jet assistance has enabled flylng
boats to take olf more quickly in rough water, to take
off 1n a shorter distance, or to take off with loads
greater than those posslble with normal engline power.
The asslsting Jets are either of the powder type, which
may be dronped after take-off, or of the type 1in which
llqulids are forced into a combustion chamber. The
liquid-type let generally onerates for longer periods
of time but requires that more equipment be carried in
the eirplans throughout the flight. An advantage of
this type of Jet 1s that it may bs turned on and off =as
desired.

The location of the assisting Jets 1ls not particularly
critical. They should be so arranged that the 1line of
thrust passes through, or slightly below, the center of
gravity of the alrplane so that when the thrust ceases
no great change in the balance of ths &alrplane will
result. One liquld-type Jet has cperated successfully
under water (reference 165) but no information is
avellable as to ths behavior of the powder-type jJet
when submerged.

Jat englnas could be mountsd closer to the water
than engins-driven propsllers, provided a suitable loca-
tlon for the s8lr inlst can be found. Trere 1s no
Information as to the extent that the inflow of alr will
pick up svrey or to the extent that spray wlll damege the
Interior of trhe Jet motors if 1t i1s allowed to enter with
the air. Jet engines desligned to produce a given thrust
at flight smeeds ray be st a dlsadvantage during teke-off
when corpared with rormal propellers because of differences
in the rermer in vhich thrust varles with speed. The Jet
engines for use on high-speed alrrlsnes would probably
have sufficlent thrust for take-off.

UNCONVEVTIONAL CONFIGUPATIONS

Tunnel bottors.=- Hull forws with a tunnel bottom
(an inverfted V) nave been nroposed occasionally because
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the arount of spray thrown out laterally 1is exceptionally
smell (references 3, 172, and 177). Configurations of
the types that have been tested present a dlffioult
problem in evolding excessive alr dreg. If the spray 1s
confined to the tunnel, the afterbody may be wet
excessively unless large clearance 1s provided. A model
with a forebody having an inverted-V cross section at

the bow with a translition to normal V-bottom about hslf-
way along the forebody was tested at the Short Brothers
Tenk (reference 250). This unusual form had very good
spray characteriatics and would presumably have acceptable
resistance and staebi lity characteristice. Wind-tunnel
tests and structural studies showsd, however, that the
air drag snd the weizht would be excessive,

As atrical floats.- The spray between tha floats
of a Eﬁin:fioaf'sfrgle-engine seeplane resulting from
the meeting of the two how blisters sometimes enters
the propellcr in excessive amounts. A rpair of floats
was designed (raference 12L.) baving the planing bottoms
arranged on the outer cidss of the floats (fig. 11).

TN

B

Flgure 11l.~ Asymmetrical float
Ior twin-flcat seaplane,
section at step.

It was found that these floats were clean rurnning and
compared satisfactorily with conventional floats with
regard to porpoising, watar resistence, and dirsctional
stabllity. Nodifications intendsd to reduce the alr drag
of the asymmetrical floats introduced &ircctional
instabllity. .

Planl tail.- A form of hull that inherently has
some EesIraEIe characteristics is being developsd by
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tests of models in Langley tank no. 2. Figure 12 shows
a typlcal conflguretion with a very dsep atep that 1is

~L[:i\i
i
.
—

Flgurs 12.- Planing=-tall configuaraticn.

volnted in plen form combined with a long afterbody.
Preliminary tests (refersnce 175) end furthsr tests of
modificetions similar to those in figure 12 showed that
the hump rssistanc: was lower than that of a conventional

hull (ﬁ = 6.5 compared with % = 5). Tests of a dynamic
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model indlcated that satisfactory stablility -character-
1stics may be expectsd (unpublished date)., Iimitations
on the usasble space aft of the center of gravity may be
undesirable for some types of service.

Planlng flaps.- Retractable planing flaps have bsen
gsuggested for use on the afterbdédy in a menner that would
allow an unusuaslly high angle of afterbody keel (fig. 13(a)k
The flap would perform the normsl function of the after-
body at speeds through the hump speed. At plening speeds
the flaps would he retreactsd to prevent high-angle
porpolsing from osccurring in the usual range of trim.
Tank tests were made at Stevens Institute of Technology
to determine several confipguretions thet would have
suitable hydrodynaric characteristics (refsrence 178).
The structural welpght, the 2erodynerlc effect of a kligh
angle of afterbody keel, and tha necessity for adjusting
the flaep durlng take-off present problams that introduce
some doubt as to the practisal pngsibhillitles of this
type of flap. Reference 178 includes resvlts obtsined
from tests of a hull with a conventlonal afterbody to
which was added a wmlaning flap nsar the sternpost
(fig. 13(b)). The results of the iests showing that

——
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(a) Figh afterbody.
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N =<\, 9%, Tangent to
._2.27]3‘.___,] forebody keel

(b) Conventlionsl afterbody.
Flgure 13.- Plsning flaps.
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high-angle porpoising was suppressed were not confirmed
in tests (unovublished data) of a’'similar configuration
on a powered model in Langley tank no. 1.

Float-wing designs.- Tests have baen made of models
(references I7£ and E?S) and of a full-size glider having
a conventiocnal hull combined with a wlng placed suffi=-
cilently lcw to provide suitable transverse stabllity on
the water (fig. 1ll). Hydrodynaric ckaracteristics of
the full-slze gllider were reported to be satlsfactory

—

Flzure 1.~ Floet-wing glider.

provided ths flaps were not deflected while in contact
with the water. A preli=irary design of a float-wing
ssaplana that would eamloy a prushsr proneller in a
transverse plane ne&r tne tralling edge of the wing is
known to Lave been made. If & sulletle structure were
provided for the cower wnlt and for those portions of
the wing end flaps subjzcted to water loads, 1t appears
that a high-performance seajnlare with paraslte drag
practically equal to that of an sgulvalent landplane
could be developsd.
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Aull-less designs.~ In réference 173 several designs
are proposed, 1ncIu5{ng e flylng wing, in wh'ch the hydro-
dynamic and flotation requirements would be Incorporated
a8 primary components of the wing. Preliminary results
of tank tests and of structural studles are cited to
support the belief that large seaplenes can be bullt in
one of the proposed forms with conslderable reduction in
welzht snd in peraslite drag compared wlth conventional

flying boats enmd landplanes. Two cf the proposad con-
figurations are shown in figure 15. .

HYDROFCILS

The application of hydrofoils to serve as a type of
lending gear on saapnlanes or as auxiliary 1li1fting devices
on wing-tip floats has long hbeen en interesting possibility
with reference to the reduction of alr drag and the
simplification of structural problems. It has appesared
that hydrofolls when compared with planing hulls offer
sone posslbility of reducling the structurel welght and
the hazuards arsociated with *mpacts 1in rough watar,.
Althouzh hydrofolls have bsen successfully amployeé on
numerous seaglanes with a relastively low stalling speed
(reference 1B6), an evaluation of their potential use on
seaplanes that must operete on the water at speeds above
60 miles per hrur iz hirdersd by inasdequate !nforcation
regarding the influencas of cavitation. '

Hydrofolls having cambered sections selected to
delay cavitation as much as appeared practlcabls were
towed in Yangley tunk no. 1 at depths up to 5 chord
lengths end at speeds up to 60 wiles per hour. As the
speed was increased from LO to 60 wmiles per hour, the
results showed that:

(1) T™he angle of zero 1lift increased about 3°

(2) The maxirum lift-drag ratio decreased steadily
from about 16 et O miles per hour to 8 at 60 wiles per
hour (refersnces 181, 189, and 201)

(3) Cavitation caused vibration that became more
severe with increased speed
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—fater line at rest

Static W.L.

Floats for longltudinal
gtatic stabllity are retracted
to form wing tips

Filpure 15.- Hull-less design from reference 173.
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[imilar trshds were cbtalned in water-tunnel-tests .of
planoconvex clrcular-arc sections in which extenalve
cavitation was obtained (reference 200). The theo-
retiéal results in reference 183 are in partial agree-
ment with the trands given out there 1s stlll con-
slderable doubt as to the magnitude of the influence
of\cavit&;;qu There is some indicatlon that a hydro-
foll 'in cavitating flow will have more favorable 1lift-
drag ratTos 1 the lower surface 1s flat rather then
convex. Toests in a water tunnel (refsrence 19L) indi-
cated that slots in e hydrofoll were ineffectlive in
prevanting cavlitation.

Ladderlike arrangements of hydrofolls with dihedral
of about 20° that have been used orn ssaplanes and on
surface bdcats apparently offer satisfactory stablllty,
but tho esssoclated struts and interfersnce siffeots are
significent sources of drag and spray (references 180,
185, 186, end 192). Monoplans hydrofolls are likely to
suf fer abrupt and large chanzes in 1lift and dreg »hen
clonse to the frase water surface {roferences 180, 141,
and 190). The ssverity of this type of instabllity is
l2as for tize highser angles of dihsdral because of the
mors gradual resfing action zs the hydrefoil passss into
or zut of the water, Systemrs of rnnnnlanes designed to
overcome this dlfficulty cof nnerating near the water
surface h:ve besn propnsed and tested at low speeds
by Tietiena {refersncs 1°{) and by Grunberg (refer-
ences 1i5 =2nd j 1). Furthar investigation under condi-
tions in " whiich T'ull-scale cavitation is reoresented are
required, howaver, hefore 2 practicael design of a rmono- -
plane confliguratlion for e seapiene may be carrled out
with full assurance that steouvility snd efflcient 1lift-
drag ratios will be achieved (reference 19%).

PILOTING AND HAKDLING

A Tew clearly established v»rinciples can be outlined
that will assist the nllot of e seaplane of convanticnal
design to take off 1n the least time and 4l astance possible
and at the same time to avoid much of the danger asso-
ciated with porpoising, yaswing, and skipoing. The
required technique for operation in smooth water can be
8lmply steted:; but for operation in rough water the
importance of porpolsing, yawing, and sklpping as com-
pared with the importancses of the waves tc be encountered
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in any particular instance must be evaluated on the
basls of the personal observation and experlience of the
pilot. The princlples for overation ln smooth water
have been sufflclently well established by tests of
models and full-slze aircraft to justify & revision of
some of the practices that apoear to be currently
accepted.

Glassy water.- References 205, 206, and 211 point
out the 3I¥fIcuIEy of accurately observing the height
above the surface of the water as a seaplane approaches
a landing on glassy water, especially 1f there 1s a low-
hanging mist. No satlsfactory technique or lnstrumenta-
tion appears to be avellable that will enable the pllot
to Judge with confidence the point of contacting the
water surface. Terrain clearance indicators might be
of considerable value 1f they could be made to indlcate
accurately at very low altitudes. Possibly absolute
altimeters wlll come into sufficiently wide use to
Justify their development to a stage at which they can
be used for glassy-water landings.

Take-offs from glassy water have frequently been
reported to be more difficult than those from choppy
water. Deflinite data regarding these observatlions are
not sufficient to Jlustify very definite concluslons.
Differences of oplnlion regarding these observatlons are
gsuffilcientl; great to Justify & brlef serles of tank
teats or flight tests in which the Influence of wind
(which generally accompanles rough water) and the
influence of trim may be 1solated from the effects of
small waves on the resistance during take-off.

Stabllity.~ Instructions to pilots regarding por-
polsing should clearly distingulsh between the low-
angle type and the high-angle type. The usual instruc-
tions to apply up elevators whenever porpolsing occurs
(references 205, 206, and 211) are applicable only to
the low-angle type. Recovery from the hlgh-angle type
of porpolsing calls for down elevators.

Uncontrollable yawing of some flylng boats may occur
In either of two speed ranges. The yawlng at speeds
approaching the hump 1s assoclated with an unstable
type of flow over the bottom ami sides of the afterbody
and may be asggravated by unsymmetrical sllipstream over
the tail. A dlsastrous type of yawlng may occur at speeds
near get-away if the hull 1s allowed to trim trno low
(reference L0).



NACA ACR No. 15G28 L7

i Rough water.- A PREi-3C flying boat has recently
been testea by the U. S. Coast Guard to investlgate the
merlts of different pilloting techniques 1In ro watexr
end to evaluate 'the hazards that are Involved (refer-
ence 203). It 1s understood that wave heights ranged
from 8 or 10 inches up to about 15 fest during the course
of the tests., The tests were limited to the one airplane
and to the sea condltions prevalling off the coast of
southern Callfornia, hut the results provide a note-
worthy basls for asstting up general princlples for
plloting In rough water., Results of the tests Indicated
that before making a landing in the open sea the pilot
should fly at different altltudes to observe the dif-
Tferent wave systems that may be prasent and In genearal
tc select the direction of run and the area that will
resuit in the least nurher of severe wave Ilmpacts. For
winds of less thaen 20 lknots the most favorable direction
was found to be rarallel to the crests of the swells.
Down-swell landings were conslidered feaslble bLuit more
severe than along-swell landings, If the wind 1s
greater than 20 knots, the recommendcd directlon for the
run ls into the wind. Drift in a cross-wind landing was
found to ve of little practical consequence, Prevlously
held fears of danger from dragsing a wing-tip float in
a swell on the beam or from sldeslipping down the slope
of a wsve were not substuntlated. With a ccmplicated
sea, the pllot should choose a Cirsction for landing or
take-off that will avold hegdinyg cirectly into any wave
system and wlll at the same time lkrep the wind as nearly
ehead as possaible,

Jets of the solid fuel type were used 1in some of the
take-offs and found to be & very usseful adJunct in rough-
water operation., In several instances the use of Jets
at dangerous moments was belisved to have saved the air-
plane from severe damage.

Reversible propellers,- Maneuvering to a buoy or
other mooring device has been greatly faclllitated by
the use of reversible propellers that permit breking
and maneuvering in close quartera, Reference 209
describes the maneuverabllity of & PB2Y-3 with reversible-
pitch propellers and states that those propellers reverse
in from 10 to 15 ssesconds, which 1s consldered slower than
deslirable., Two of the four nropellers are therefore
continuously in reverse ancd the mansuvering in any desired
direction is accomplished by manipulation of the throttles.
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Depth of water.- Tests of models have indicated that ~

the water reslstance 1s practically unaffected by varl-
ations iIn depth for depths greater than about 1 beam
length., At lesser depths the hump reslistance may be
conside"ably more than that for deep water (references 210

and 24ly).

1)

Langley Memorial Aeronsutical Laboratory
National Adviscry Committee for Aeronautlcs
Langley Fleld, Va,
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Boat Hull. NACA TK No. 531, 1935. Chine flare,
spray, resistance.

Parkinson, J. B.: Tank Tests of a kodel of a Flylng-
Boat Full Having a Longltudinally Concave Planing
Bottom. NACA TN Ne. 545, 19%25. Form - longltudinal
conceve planing bottom. Resistence, spray, longi=-
tudinal curvature.

Parkinson, John B.: A Complete Tank Test of a Model
of a Flylng-Boat Hull - N.A.C.A. Model No. 1ll-A.
NACA TN No. 470, 1933. Reslstence, longitudinal
curvature.

Parkinson, John B.: Deslgn Criterions for the
Dimensions of the Forebody of a Long-Range Flylng
Boat. NACA ARR No. 3X0E, 19,43. Sprey, length-
beam ratio.

Parkinson, John B.: The Design of the Optimum Hull
for a Large:Long-Range Flying Boat. NACA
ARR No. IiT12, 19L)i. Design, proportion, shape,
depth of step. :
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65.

66.

67l

68.

69.
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Olson, Roland E., and Zeck, Howard: Tank Tests of a
1/16-Full-8ize Model of the HE~1 Cargo Flylng Boat.
I - Take-0ff snd Lending Stabllity, and Spray
Characteristics of a Powered Dynamic Model -
WACA Model 158. NAGA MR, Dept. Commerce,
May 19, 194l Longitudinal stability (trim
limits, center-of-gravity limits, landings).
Position of center of gravity, spray.

Outman, Vernon; A Method of Caloulating Seaplane .
Take~Off. Aero Digest, vol. 32, no. 6, June 1938,
vp. 53, Sb, 59, 60. Take-off, a method of
calculating., :

Parkinson, H.: Longitudinal Stability Caloulations
of Seaplanes on Water. The Alrcraft Engineer,
no, 104 (vol. IX, no. 9), supp. to Flight
vol. XXVI, no. 13lk, Sept. 27, 1934, pp. &9, 70.
Mathematical enalysis of the longitudinal sta-
billty of a hull at rest in the water. Naval
archlitectural trsatment,

Parkinson, J. B.: Tank Tests of kKodel 11~G Flylng-
Boat Hull. T¥ACA TK No. 531, 1935. Chine flare,
spray, resistance.

Parkinson, J. B.: Tank Tests of a lodel of a Flylng-
Boat Hull Having a ILongitudinally Concave Planing
Bottom. NACA TN Ne. 545, 19%5. Form - longitudinal
concave planing bottom. Resistence, spray, longi-
tudinal curvature.

Parkinson, John B.: A Complete Tank Test of a lModel
of a Flying-Boat Hull - N,A.C.A. Model No. 1ll-A.
NACA TN No. 470, 1933. Resistance, longltudinsl
curvature.

Parkinson, Johm B.: Design Criterions for the
Dimensions of the Forebody of a Long-Range Flying
Boat. NACA ARR No. 3KOE, 1943. Spray, length-
beam ratlo.

Parkinson, John B.: The Design of the Optimum Hull
for a Large - ‘Tong-Renge Flying Boat. NACA
ARR No. IJT12, 19Lli. Design, proportion, shape,
depth of atep. .
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Parkinson, John B.: Notes on the Skipping of Sea-
planes. NACA RB No. 3127, 1943. Skipping,
ventllation, depth of step. )

Parkinson, John B.: Tenk Tests of Auxlilliary Vanes
as a Substitute for Planing Area. NACA TN KNo. 490,
1934. Resistance, hydrofoils (used as stub wings).

Parkinson, John B.: Tenk Tests of the 1/8 Full-Size
Dynamic Model of the Consolidated Model 31 Flying
Boat with a Second Step -~ N.A.C.A. Model 110-M.,
NACA MR, Consolidated Aircraft Corp., July 12, 1940.
Effect of second step, porpoising.

Parkinson, John B., Bell, Joe W., and Olson,
Rolend E.: Additional Tank Tests of 1/8-Full-
Size Dynamic Model of Consolidated PB2Y-3 Flyling
Boat - NACA Model 116 E-2, Etc. NACA MR,
Bur. Aero., May 15, 1942. Depth of step, plan
form of step, spollers on forebody, spray strips,
chines on tall extenslon, skegs and fins on tall
extension (for directional stability), tip floats.

Parkinson, Jom B., and Benson, James M,: Tank Tests
of a 1/8 Full-Size Dynamic Model of the Consolidated
PR2Y-3 Flying Boat - NACA Model 116. NACA MR,

Bur. Aero., Dec. 13, 1940. Aerodynemics, center-
of-gravity lirits and trim limits of the conven-
tional type. Model without power facilitles.

Parkinson, John B., snd Dawson, John R.: Tank Tésts
of N.A.C.A. Model LO Serles of Hulls for Small
Flying Boats and Amphibians. NACA Rep. No. 543,
1936. Resistance, spray, take-off.

Parkinson, John B., snd Land, Norman S.: The Landing
Stabllity of a Powered Dynamic Model of a Flying
Boat with a 300 V~Step end with Two Depths of
Prensverse Step. NACA RB No. LBlh, 19Ll. Iongi-
tudinal stabllity (landing), form of step.

Parkinson, John B., and Olson, Roland E.: Tank Tests
of a 1/5 Full-8ize Dynamically Similar Model of
the Army OA-9 Amphiblan with Motor-Driven Pro-
pellers - NACA Model 117. NACA ARR, Dec. 1941.
Effect of power, longltudinal stabllity, spray.
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Parkinson, John B.: Notes on the Skipping of Sea-
planes. NACA RB No. 3I27, 1943. Skipping,
ventlilation, depth of step. )

Parkinson, John B.: Tank Tests of Auxiliary Vanes
as a Substitute for Planing Area. NAGCA TN No. };90,
193L,. Resistance, hydrofoils (used as stub wings).

Parkinson, John B.: Tank Tests of the 1/8 Full-Size
Dynamlic Model of the (Consolldated Model 31 Flylng
Boet with a Second Step ~ N.A.C.A. Model 110=-M.

NACA MR, Consolidated Aireraft Corp., July 12, 1940.
Effect of second step, porpoising.

Parkinson, John B., Bell, Joe W., and Olson,
Rolend E.: Additional Tank Tests of 1/8-Full=-
Size Dynamrlc Model of Cocnsolidated PR2Y-3 Flylng
Boat - NACA Model 116 E-2, Etc. NACA MR,
Bur. Aero., May 15, 1942. Depth of step, plan
form of step, spollers on forebody, spray strips,
chines on tall extension, skegs and fins on tail
extension (for directional stability), tip floats.

Parkinson, John B., and Benson, James M.: Tenk Tests
of a 1/8 Full-Size Dynamic Model of the Consolidated
PB2Y-3 Flylng Boat - NACA Model 116. NACA MR,

Bur. Aero., Dec. 13, 1940. Aerodynemics, center-
of=gravity lirlts and trim 1limlits of the conven-
tional type. Model without power facilitiles.

Parkinson, John B., snd Dawson, John R.: Tank Tests
of N.A.C.A. Model O Series of Hulls for Small
Flying Boats and Amphiblans. NACA Rep. No. 543,
1936. Resistance, spray, take-off.

Parklnson, John B., and Land, Normen S.: The Landing
Stabllity of a Powered Dynemlc Model of a Flylng
Boat with a 300 V-Step snd with Two Depths of
Transverse Step. NACA RB No. LBik, 19I);. ILongl-~
tudinel stebllity (landing), form of step.

Parkinson, John B., and Olson, Roland E.,: Tank Tests
of a 1/5 Full-Size Dynamlically Similar Model of
the Army OA-9 Amphiblan with Motor-Driven Pro-
pellers - NACA Model 117. NACA ARR, Dec. 19/1.
Effect of power, longltudinal stabllity, spray.

~
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79¢ Parkinson, John 'B,, Olson, Roland- E.-; -Draley,  Eugene C.,
and Luoma,. Arvo A.: Aerodynemlic and Hydrodynamlc
Tests of a Famlly of Models of Flylng-Boat Hulls
Derived from a Streamline Body - NACA Model 8l
Series. NACA ARR No. 3T15, 1943. Resistanoce,
helght of bow, helght of stern, chine flare, depth
of step, engle of dead rise (special), alr drag,
angle of afterbody keel, rounding of chines at
bow, stabllity, spray.

80. Perelmuter, A.+ On the Determmination of the Take-Off
Characteristics of a Seaplane. NACA TM No. 863,

193 8.

81. Perring, W. G. A., and Hutchinson, J. L.: Full Scale
eand Model Porpolsing Tests of the Singapore IIo.
R, & M. No. 1712, British A.R.C., 1936. Scale
effect, porpolsing period, longltudinal stabllity.

82. Plerson, John D.: Directional Stability of Flying
Boat Hulls during Texiing. Jour. Aero. Secl.,
vel. 11, no. 3, July 1944, pp. 169-195. Yawing,
chline atrlips, skegs, slde steps on afterbody.

8%. Ronrbach, Adolf K.: Flylng Boat Design. Aero.
Engineering, Trans. A.S.¥.E., vol. 2, no. U,
Oct.-Dec. 1930, op. 285-2EB. Design practice,
lateral stabllizers, waves.

84. Roumisntzeva, E.: Wind-Turnel Tests with Airplane
Fuselages and Flyling-Boat Bulls. Rep. No. 190,
Trans. C.A.H.I. (Moscow), 1935. Alr drag of hulls,
yawlng, serodynamic forces.

85. -Rumpler, E.: Design and Development of Seaplanes for
Trensatlantic Service. Aero. Engineering,
Tra.ns. A.SQM-E-, v°l| 5' No. ,-l-’ Oct.-DeO. 1931.
PpP. 127-137. Twin-hull flylng boet, design con-
slderatlons, resistance, Jet-assisted take-offs,
trim control.

86. Schrdder, P.: Determination of Resistance and
Trimming Moment of Planing Water Craft. NACA
TM No. 619, 1931, Method of extrapolating
resistance.
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89.

90.

91.

92.

Q3.

9k

95,

NACA ACR No. I5G28
FLYING-BOAT HULLS

Schuettel, Prederick P.: Some Aspects of the Seaplane.
Aero. Engineering, Trans. A.S.M.E., vol. 3, no..lL,
Oct,-Dec. 1931, pp. 139-1),86. Seaworthiness,
beaching methods, general.

Shoemaker, Jsmes M., and Bell, Joe W.: Complete Tank
Tests of Two Flying-Boat Hulls with Polnted Steps -
N.A,C.A. Nodels 22-A and 35, NACA TN No. 50,
193l,. Resistance, spray, teke-off, pointed step.

Shoemaker, James M., and Dawson, John R.: The Effeot
of Trim Angle on the Take-Q0ff Performance of a
Flying Boat. WFACA TN No. L;86, 193L. Resistance,
effect of trim on resistance, »nllot technlquse,
trim indlcator.

Shoemaker, Jemes M., and Parkinson, John B.: A Com=-
plete Tank Test of a Model of a Flying-Boat Hull =
N.A.C.A. Model No. 1l. NACA TN No. L6L, 1933,
Reslstance, testing technique.

Shoemeker, James M., and Parkinson, John B.: Tank
Tests of a Famlly of Flylng-Boat Hulls. ©NACA
TN No. 91, 193),. Length-beam ratio, resistence.

Sikorsky, Igor I.: The Development and Characteristics
of & Long-Renge Flylng Baat (The S-12).
Jour. R.A.S., vol. XXXIX, no. 292, aApril 1935,
pp. 263-281. Discussion of practical design
and operation of this flying boat.

Smith, A. G., end White, H. G.: A Review of Por-
poisi Instabillty of Seaplanes. Rep. .
No. H/Res/173, British Marine Aircraft Experi-
mental Establishmsnt, Feb. 29, 19ll;. Longl-
tudinal stebllity, step falrings, depth of step,
full scale, flaps, testing technique (RAE, MAEE,
NACA), power, ventilation, radius of gyration.
An extensive bibllography is 1lncluded.

Sokelov, N. A.: Hydrodynamic Propertlies of Planing
Surfaces and Flying Boats. Rep. No. 149,
Trans. C.A.H.I. (Moscow), 1932.

Stout, Ermmest @G.: Experimental Determination of Hull
Displacement. Aviatlon, vol. L3, no. L, April 1944,
pp. 121-125. Static tests of modsls, floodlng
tests and calculations,
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96. Stout, Ernest G.: Takeoff Anslysis for Flying Boats
and Seaplsnes. Part I. Aviation, vol. 143, no., 8,
Aug. 194, pp. 150-153. . Take=-off.

#97, Thornburg, F. L., and Maloney, P. R.: Report on
Summery of Dynamic Tank Tests of a 1/10-Full
Scale Model of the XPB3Y-1 Airplane at the
N.A.C.A. Towing Basin, September-October 1942.
Rep. No. 2H-3,,-00l, Consolidated Alrcraft Corp.,
Nov. 13, 19L2.

98. Truscott, Starr: The Effect of Spray Strips on the
Teke-0ff Performance of a Model of a Flying-Boat
Hull. NACA Rep. No. 503, 193L. Resistance,
spray strips, spray.

#99. Truscott, Starr, end Danlels, Charles J.: Investi=-
gatlon of the Effect of Ventilatlon on the Flow
of Water over m Rounded Chine. XNACA RB, Feb. 19,3.
Rounding of chines, ventilation (chine), spray.

100. Truscott, Starr, and 0lson, Roland E.: The Longl-
tudinal Stabllity of Flyling Boats as Determined
by Tests of Models in the NACA Tank. II - Effect
of Varlations in Form of Hull on Longitudinal
Sstability. NACA ARR, Nov. 1942. ILongltudinal
stabllity (trim liwits), center-of-gravity posi-
tions, position of step, depth of step, length
of afterbody, gross load, plan form of step,
engle of afterbody keel, angle of dead riss,
ventilation.

101. Truscott, Starr, and Parkinson, J. B.: The Increase
in Frictional Resistance Caused by Varlous Types
of Rlvet Heads as Determlned by Tesats of Planing
Surfaces. NACA TN No, 6.8, 1938. Rivet heads,
frictlioneal reslstance.

102. Truscott, Starr, Parkinson, J. B., Ebert, John W.,Jr.,
and Valentine, E. Floyd: Hydrodynamio and Aero-
dynamic Tests of Models of Flylng-Boat Hulls
Designed for Low Aerodynamic Drag - N.A.C.A.
Models T4, Th-A, and 75. NACA TN No. 668, 1938,
Reslstence, alr drag, spray.

10%. Ward, EKenneth E.: Hydrodynamlc Tests in the N.A.C.A.
Tank of a Model of the Hull of the Short
Calcutta Plying Boast. NACA TN No. 590, 1937.
Reslstance, spray, take-off comparlisons.




62 NACA ACR No. I5G28
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10l;. ward, Kenneth E.: A New Method of Studying the
Flow of the Water along ths Bottom of a Model
of a Flying-Boat Hull, NACA TN No. TL4L9, 1940.
Actlion of step, flow of water at the step,

depth of step, resistance, photography of flow,
ventilatlon.

*105. wolfe, C. M.: Longitudinal Stabllity of the Sea-
plane Hodel YPBB-1l 1n the Plasning Condition.
Rep. No. D-L020, Boeing Alrcraft Co., May 16, 1942.
Longitudinal stability (lower trim limitg
effect of shape of wetted area.

See also references 158 139, 14o, 2L3, 25, 256,
260, and 26).
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Benson, Jemes M.: The Porpolsing Characterlistiocs of
a Plenlng Surface Representing the Forebody of a
Flylng-Boat Hull. NACA ARR, May 19,42. Plening
surfaces, longitudinal stability (trim limits),
moment of inertia, location of center of gravity,
tall area, radlus of gyration, wing.

Benson, James M., and Frelhofner, Anton: Methods
and Charts for - Computing Staebllity Derivatives
of aV-Bottom Plening Surface. NACA ARR No. 3L08,
194%. Angle of dead rise, stability derivatives,
theory of porpolsing. .

Benson, James M,, and Klein, Mlton M.: The Effect
of Dead Rlse upon the High-Angle Porpolsing
Characteristics of Two Planing Surfaces in
Tandem. NACA AFR No. 3F30, 1943. Planing sur-
faces, depth of step, longlitudinal stability
(trim 1imits), angle of dead rise.

Benson, James M., and Lina, Iindsey J.: The Effect
of Dead Flse upon the Low-Angle Type of Por-
poising. WACA ARR, Oct. 1942. Planing surface,
eangle of dead rise, longltudinal stability (trim
limits), complex transverse sections.

Bolley, William: A Contribution to the Theory of
Planing Surfaeces. Proc. Fifth Int. Cong. Appl.
Mach. %Cambridge, Mass., 1938), John Wiley & Sons,
Inc., 1?39, pp. LT7LU~4T7T7. Planing surfaces
(theory).

Green, A. E.: The Gliding of a Plate on a Stream
of Finlte Depth. Proc. Cembridge Phil. Soc., -
vol. XXXI, Oct. 1935, pp. 589-603; and Part II,
vol. XXXIT, pt. I, Jan., 1936, pp. 67-85.
Plening theory.

Green, A. E.: Note on the Gliding of a Plate on the
Surface of a Stream. Proc. Cambridge Phil. Soc.,
vol. XXXII, pt. 2, May 1936, pp. 2i48-252,

Planing theory.



6l NACA ACR No. I5G28
PLANING SURFACES '

113, Perelmuter, A.: On the Proflle of the Dlsturbed
Water Surface of a Planing Plate. TN No. 48,
C.A.H.I. (Moscow), 1935.

11, Perring, W. G. A., and Johnston, L.: Hydrodynamlo
Forces and Moments on a Simple Planing Surface
end on a Flying Boat Hull. R. & M. No. 1646,
British A.R.C., 1935. Plaening surfaces,
resistance. :

115. Sembreaus, A.: Planing-Surface Tests at Large Froude
Numbers - Alrfoll Comparison. NACA TM No. 848,
1938. Planing surfaces, resiastance.

116. Shoemaker, Jemes M.: Tank Tests of Flat and V-Bottom
Planing Surfaces. NACA TN No. 509, 193L.
Planing surfaces, design data for planing, sngle
of dead rise.

117. Sottorf, W.: Analysis of Experimental Investlgatlons
of the Plenlng Process on the Surface of Water.
NACA TM No. 1061, 194l. Resistance, planing
surface, scale effect, spray, pressure distribu-
tion.

118. Sottorf, W.: Experiments with Planing Surfaces.
NACA TM No. €61, 1932. Planing surface, scale
effect, reslstance, testing technique, skin
friction.

119. Sottorf, W.: Experiments with Planing Surfaces.
NACA TM No. 739, 193L. Pianing surface,
resistance, scale effect, spray, boundary layer,
angle of dead rise, chine flare, longitudinal
curvature, pressure distrlibution.

See also reference 12.
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120. Anon.: Alrplane Alrworthiness. Pt. O of Civil
Aero. Manual, CAA, U.S. Dept:. Commerce,
Feb. 1, 1941.

121, Anon.: Alrplane Alrworthiness, Pt. Oh of Civil
Alr Regulations, Bur. Air Commerce, U.S. Dept.
Commerce, Nov. 1, 1937.

122. Anon.: Twin-Float Seaplanes. Alrcraft Engineering,
vol. V, no. 449, March 1933, pp. 54-56. Con-
verting landplane into seaplane.

123. Bell, Joe W.: Tank Tests of Two Floats for High-
Speed Seaplanes. WNACA TN No. 473, 1933.
Reslstance, twin floats (test of one).

12l;. Billett, H.: Tenk Tests on Speclal Clean-Running
Floats for a Twln Float Seaplane. Rep. No.
Aero 1719, British R.A.E., Dec. 1941. Twin
floats, spray, asymmetrical forms, alr drag,
resistance, yawlng. '

*125. Bladen, D. H.: Method of Corputing Corresponding
Speeds, Loada and Res!stances of Planing Bodles.
Rev. No. £39, Edo Aircraft Corp., Dec. 23, 1941.
Analysis of tank tests, reslstance, seaplane
floats.

*426. Bladen, D. H.: Study of Chenge in Water Resistance
due to Change of Trim. Rep. No. 831, Edo Alr-
craft Corp., Nov. 6, 194j1. Effect of tdm on
resistance, seaplane floats,

127. Conway, Pobert N., and Maynard, Julian D.: Wind-
Tunnel Tests of Four Full-Scale Seaplane Floats.
NACA ARR No. 3G15, 1943. Air drag, rivet heads,
surface roughness, floats (full-scale), step
fairings. '

128. Cowley, W. L.: Tunnel Tests on Hlgh-Speed Seaplanes.,
Alrcraft Englneering, vol. II, no. 20, Oct. 1930,
pp. 247-248. Alr drag (float seaplanes).
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129, Cowley, W. L., and Others: 1927 Schnelider Trophy
Contest - Collected Henorts on Brltish High Speed
Alrcraft (Introduction by W. L. Cowley).

R. & M. No. 1300, British A.R.C., 1931.

130. Eula, Antonlo: Fydrodynamlc Tests of Kodels of
Seaplane Floats. NACA TM No. 770, 1935. This
report contalns the results of tank tests carrled
out at free-to-trim-conditions on 17 hulls and
flcats of various types. One specific concluslon
1s that ttre best models have & maximum relatlve
reslstance not exceeding 20 percent of the total
weolght.

131. Gothert, B., ard Ribnitz, W.: Der Luftwiderstemd
von Schwimmern und Flugbooten. Iuftwlssen,
Bd. 6, Er. 3, Xarch 1959, pp. 101-107. (Available
as British Alr Ministry Trenslation No. 1042.)
Alr drag, form, step. .

132. Herrmasnn, H.: Seaplane Floaets and Hulls. Part I.
NACA TH No. 426, 1927. General discussion of
early seaplanes,

133, Herrmann, H.: Seaplane Floats and Hulls. Part II.
NACA T™ No. L27, 1927. Discussion of structural
deslign end performance, dlscusslon of tlp floats
and thelr fallures.

1%3l.. Herrmann, H., Kemof, G., end Xlcess, H.: Tank Tests
of Twin Seaplsne Floats. NACA TM No. L86, 1928.
Twin flosts, track (dlstance between floats),
reslstance, scale-effect,naneuverability, spray,
tenks (HSVA), angle of dead rise.

135, Meyer, L.: Dimensions of Twin Seaplars Floats.
NACA TM No. 719, 1933, Twlin floats, design
conslderatlons.

126, Miller, J. W.: Report on VSO Seaplane Studies.,
Rep. No. X01-1229, Lockheed Alrcraft Corp.,
Aug. 19, 19lL. Design of seaplanes, spray,
length-beam ratilo.

137. Parkinson, H.: Notes on the Design of Twin Seaplane
Floats, The Aircraft Englneer, supp. to Flight,

vol. XXV, no. 1261, Feb. 23, 1933, pp. 1l2-1l.
Twin floats, track (distance between floats).
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138.

139.

1.0,

2.

3.
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Perkinson, John B.:. Tank .Tests to Show the Effect
of Rivet Heads on the Water Performance of a
Seaplane Float. NACA TN No. 657, 1938. Rivets
and surface roughness, frictional resistance.

Parkinson, J. B., and House, R. 0.: Hydrodynamio
and Aerodynamic Testa of Models of Floata for
Single-Float Seaplanes. N.A.C.A. Models él-D,
W1-E, 61-4, 73, and T3-A. NACA TN No. 656,
1938. Resistance, spray, step (pointed and
transverse forms, fairing), alr drag.

Parkinson, John B., Olson, Roland E., and House,
Rufus, 0.: Hydrodynamic end Aerodynamlc Tests
of a Femlly of Models of Seaplane Floats with
Varying Angles of Dead Rlse. N.A.C.A.

Mocdels 57-4, 57-8, and 57-C. NACA TN No. 716,
1939, Angle of deaed rise, resistance, alr drag,
sprey, spray strips.

Richardson, Holden {.: Alrcraft Float Design.
The Ronald Press Co., 1928. Design of floats,
spray, form,stability, esction of step, reslstance,

Seewald, Frledrich: On Floats and Float Tests.
NACA TM No. 629, 1931, General, resistance,
Impact,longl tudinal steps, take-off, boundary

layer, spray.

Sottorf, W.: The Design of Floats. NACA TM No. 860,
1938. Length-beam ratio, design of floats, angle
of dead rise, resistance.

Thompson, F., L.: Water Pressure Distribution on a
Twin-Float Seaplene. NACA Rep. No. 328, 1929.

Wilson, Herbert A., Jr., and Iipson, Stenley:
Clean-Up Tests of the SC-~-1 Airplane in the
Langley Full-Scale Tunnel - TED Ko. NaCA 23,8.
NACA MR No. LS5A3la, Bur. Aero., 1945. Air drag
of maein float and tip floats.

See also references 57, 154, and 256
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1L7.
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152,
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Allison, John M.: Tank Tests of a Model of the Hull
of the Bneing 31, Flying Boat (N.A.C.A. Tank
Model 72). NACA MR, Sept. 16,-1936. Tank tests
of modal with stub wings, technique of recording
direction of flow along bottaom.

Anon.: Specificatlon for Trsnaverse Stabllity of
Seaplenes = Dlaplacement end Locatlion of
Auxiliary Floats. NAVAER SR-59C (superseding
SR-59B), Bur. Aero., Feb. 20, 19h2. Submerged
displacenent, dynamlc 11ft, vertical location
of tip floats. -

Anon.: Tresnsverse Stebllity of Seaplasnes. Air-
craft Englneering, vel. V, no., 57, Nov. 1933
Pr. 271-273. Track (distance between floatss,
twin float, statlic transverse stabllity.

Bell, Jos W., =nd Benson, Jemes M.: Tank Tests of
the Martin No. 156 Flying-Boat Model (N.A.C.A.
Tank Model 70). ~NACA MR, Aug. 7, 1936. General
tests of mogel with studb wlngs, effects of vari-
atlons in positlon of stub wings, records of
directlion of flow along the bottom.

Benaon, James M.: The Value of Retracting Wing-Tip
Floats on Flying Beoats Corpared with That of
Retracting the Landing Gear on Landplsanes.

NACA MR, Bur. fero., Jue 5, 194L. Alr drag,
tlp floats, methods of retraction. :

Ccombes, L. P., and Bnottle, D. W.: Notes on Stubs
for Seanlanes. R. & M. No. 1755, British A.R.C.,

1936.

Dawson, John R., end Drumwright, Arthur L.: Tank
Tests of ¥odlficatlions of a ¥odel of the
PBY-Type Outboard Float - NACA Nodel 10l Series.
NACA MR, Bur. Aero., April 23, 1941. Tip floats,
hydrofolls, hydrodynamic 1ift.

Dewson, John R., snd Hartmen, Edwin P.: Hydrodynamic
and Aerodynaemlic Tests of Four Models of Outboard
Floats (%.4.C.A. Models zl-A, 51-B, 51-C,
and 51-D). NACA TN No. 675, 19%28. Tip floats,
resl stance, air dreg, spray, yawlng.
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LATER.L STABILIZERS

.~.154. Diehl, W. S.: Static Stability of Seaplane Floats
and Hulls. NACA TN No. 183, 192. Twln floats,
lateral stability.

*155. Fehlner, Leo F.: Some Deslgn Criterions for

Wing-Tip Floats. N.CA ki Ho. ISHO2, Bur .ero.,
1945. .nalysis of design criterions, structural
deflectlon due to loads - on tip float.

156. Gouge, A.: The Deslgn of Seaplmmes. Alrcraft
Engineering, vol. II, no. 18, Aug. 1930,
Pp. 202-20b. Tip floats, stub wings, twlin
float, design of float structure.

157. Jacobs, Eastman N.: Effect of Protruding Gaa Tanks
upon the Characteristics of an Airfoll. NACA
TN No. 249, 1926. Useful for estimating alr
drag of partially retracted tip floats.

158. Jones, R., Brown, A, F., and Mlles, C. J. W.:
Experiments in the Compressed Alr Tunnel on the
Asrofoll N,A.C.A. 23012 with Various Protuberances.
5661 (Ae. 1938 Revised), British A.R.C.,

March 5, 1942. Of Interest in the retraction
of tin floats.

¥159. King, Douglas A.: Preliminary Tank Tests of an
Outboard Float Having the Form of a Streamline
Body of Revolutlion Filtted with a Hydrofoll,
NACA ACR No. I4D06, 19L4. Tip floats, hydro-
foils, 1ift, reslstance.

#160. King, Douglas A.: Tank Tests of a Model of the
PBY-Type Outboard Float with Hydrofoils.
NACA MR, Bur. Aero., Dec. 16, 19L3., Tip floats,
hydrofolls, l1ft, resistance.

161. Llewelyn-Davies, D. I. T. P.: Tank Tests on a
Streamlined Wing Tip Float with a Hydrofoll
Attached. Rep. No. Aero 1910, British R.A.E.,
Feb. 194L. Tip floats (stresmline body with
hydrofoil), air drag (tip floats).

162. Matthews, Annie Msry: Comparison of Current
Specifications with Actual Statlc Transverse
Stability of 15 Flying Boats. (NACA paper -
to be considered for publication as RB)
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#163, Ward, Fenneth E., and Olson, Foland E.: Dynamioc

Tests of a Model of the Boeing 31l Flying Boat -
N.A.C.A. Model 108. NACA MR, Boeing Air-

craft Co., May 16, 19L40. Stability tests with
end without stub wings.

#16l,. Zeck, Foward: Hydrodynamic L[ift Characteristics of
Three 1/10-Size Models of Outboard Floats for the
HK-1 Cargo Flylng Boat. NACA MR, Dept. Commerce,
Aug. 19, 194k, Tp floats, hydrodynemic 1lift.

See also references 6, 18, 32, 51, 59, T4, 2Lk,
and 251.
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*165.

166,

167.

168.
169.

170.

171,

AERODYNAMIC AKD PROPULSIVE CONSITERATIONS-

Hofeller, G. W.: Summary Flight Report - .
Model PB2Y-3 Alrplene No. 7051, Assisted Take
Offs with Jet Propulsion. Rep. No. ZA~-29-027,
Consolidated Vultee Aircraft Corp., March 8, 1
Jot-assisted take-offs, spray, operation and
design of Jet motors.

the Aerodynamic Characteristics and the Por-

11

oL

-Land, Norman S.: Effect of Powered Propellers on

polsing Stablility of a Dynamic Nodel of a Long-

Renge Flylng Boat. NACA RB No. 3E13, 19L3.

Longitudinel stabllity (center-of-gravity limits),

porered propellers, asrodynamics.

Olson, R. E., and Allison, J. M.: The Calculated
Effect of Varlous Hydrodynamic and Aerodynamio
Factors on the Take-Off of a Large Flylng Boat
MACA Rep. No. 702, 1940. Take-off (calculated
flaps, resistance, wing setting (incidsnce),
aspect ratlo.

Parkinson, J. B., end Bell, J. W.: The Calculate

Effect of Tralling-Edge Flaps on the Take-Off of
Flying Boats. NACA TN No. 510, 193L. Effect of

flaps on take-off.

Purser, Paul E., end Cempbell, John P.: Experi-
mental Verificatlion of a Simplified Vee-Tall
Theory and Analysis of Avallesble Data on Com-

plete Models with Vee Taeils. NXACA ACR No. L5A03,

1945. Of interest regarding spray clearance.

Shew, R. A.: The Effect of Flaps on the Take-Off
of Flying Boats. Part I. Tests on the Saro 3
Rep. No. H/Res/143, British Marine Airoraft
Experimental Establishment, July 19Lk1. Flaps,
vyawing, take-off, pllot technique, full scale.

Wenginger, Carl, J., and Bowen, John D.: Tests of

Round and Flat Spollers on a Tapered Wing in the

NACA 19-Foot Pressure Wind Tunnel. NACA TN
No. 801, 1941. Aerodynsmlcs, mooring aid.

See also references 20, 30, 46, L7, 53, 64, T8, 97,

106, 176, and 25l.
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*172. Carter, Arthur W.: Specific Tests in NACA Tank No. 2
of Two Modsls of the Kelser-Gar Wood Flylng-Boat
Hull -~ NACA Models 157A and 157B. NWACA MR, The
Asronsutical Board, March 31, 1943. Tunnel
bottom, reslstance, spray.

173. Cox, H. Roxbee, and Coombes, L. P.: The Hull-less
Flying-Boat. The Aeroplene, vol. LITI, no. 138l,
Dec. 1, 1937, pp. 677-580.

17l,. Deniels, Charles J.: Tank Tests of 1/10-Full-Size
Model of Allled Aviatlion Corporation's 1l2-Place
Float-Ting Glider - NACA Nodel 1,0. NACA MR,
Bur. Aero., July 7, 19L42. Float wing, spray,
flaps, sklpplng, porpcising.

*175. Daniels, Charles J.: Tenk Tests of 1/10-Full-Size
Model of Nevy XLRQ-1 12-Plsce Float-Wing Sea-
plane Gllder - NACA Nodel 133. NACA MR, Bur. Aero.,
June 26, 19b2. Spray, yawing, flaps.

"176. Daws-n, Joan K., and Wadlin, Kenneth L.: Prellirinary
Tank Tests with Flanlng-Tall Seaplare Hulls,
NACA AFR No. 3F15, 19L3. Plening surfaces,
stabllity, reslstance.

#177. Lend, Formen S., and Woodward, David R.: Spray and
Stablllty Characteristlics of a Dynamic ¥odel of
the PB2Y-% Airplane wlth Trensversely Arched
Bottoms - NACA Models 162E and 165C. NACA MR,
Bur. Aero., March 27, 1944. Spray, longlitudinal
atability (trim and center-of-gravity limits and
landings), arched bottoms.

178, Locke, F. W. 8., Jr., snd Barklle, Jean A.: Tank
Tests on the Reslstance ard Porpoising Charac-
teristlcs of Three Flylng-Boat Pull NModels
Equinped with Planing Flaps. ®RACA ARR No. L H30,
194)i. Plaening flaps, longitudinal stability,
resl stance, unconventional form.

See also references 3 and 260.
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183.
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HYDROFOILS

Ackeret, J.: Experimentel and Theoretical Investi-
gations of Cavitatlion in Water., NACA TM
No. 1078, 1945.

Benson, James M., and King, Douglas A.: Preliminary
- Tests to Determine the Dynamic Stabllity Charac-
teristics of Various Hydrofoill Systems for Sea-

planes and -Surface Boats, NACA RB No. 3K02,
1943. Hydrofoil systems, stabllity (hydrofoills),
cavitation.

Bsnson, James M., and Land, Normaen S.: An Investiga-
tion of Hydrofoils in the NACA Tank. I - Effect
of Dihedral and Depth of Submersion., NACA ACR,
Sept. 1942. Hydrofoils (dihedral, depth of
submersion, shape), cavitation.

Benson, James M., Land, Norman S., and Havens,
Robert F.: Tank Tests of Shlp-Propeller Strut
Sections. NACA MR, Bur. Ships, April 16, 1942.
Porce measurements, cavitation, Interference
effects at Junctures.

Betz, A.: Elnfluss der Kavitation auf dle lLelstung

von Schiff'sschrauben. Sonderdruck der Verhandlungen

des IIT Internatlonalen Kongresses fiur technische
Mechanik (Stockholm), 1931. Hydrofolls, cavita-
tion.

Coombes, L. P., and Davies, E. T. J.: Note on the
Possibility of Fltting Hydrofolls to a Flylng
Boat Hull., Rep. No. B.A. 140, British R.A.E.,
Nov. 1937. Analysls of the efficlency of a °
planing surface fltted with a hydrofoll.

Grunberg, V.: La sustentation hydrodynamique par
allettes immergdes. Essals d'un systdme
. sustentateur autostable. L!Aérotechnique,
no. 174, 16® annde, supp. to L!'Aéronautigue,
no., 217, June 1937, pp. 61-69. EHydrofoll
systems, .
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#190.

*191.

*92,
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HYDROFOILS

Gulidoni, A.: Seasplanes - Fifteen Years of Naval
Aviaetion. Jour. R.A.8., vol. XXXII, no. 205,
Jan. 1928, pp. 25-6l. Experience with full-
sl ze seaplanes having hydrofolls, deslign
principles.

Knepp, Robert T., and Dally, James W.: Force and
Cavitation Characteristics of the NACA 1})j12 Hydro-
"foil. Nat. Def. Res. Com., div. 6, sec. 6.1
0fflce Sci. Res. and Dev., CIT, June 10, 19if.
Force measurements without cavitation, photo-
graphlic studies-of cavitation.

Kormfeld, M., and Suvorov, L.: On the Destructive
Action of Cavitation. Jour. Appl. Phys., vol. 15,
no. 6, June 1¢Ly, pp. L95-506. Experimental and
analytical treatment.

Land, Norman S.: Characteristics of an NACA
68,5-209 Section Hydrofoll at Several Depths.
NACA CB No. 3E27, 1943. Hydrofoils - charac-
tertstics of NACA 66,5-209 section.

Land, Norman S.: Prellminary Tests to Investigate
Low-Speed Spray of & 1/8-Full-Size Dynamic Model
of the PB2Y-3 with a Hydrofoll - NACA Model 131-~X.
NACA MR, Bur. Aero., Aug. 25, 19L3%. Hydrofolls
(on PB2Y-%3), spray. :

Land, Norman S.: Tank Tests of a Grunberg Type
High-Speed Boat with a Lifting Hydrcfoll and
Planling Surface Stablllizers. NACA Models 103-A
aI].d 103-B- NACA MR, B‘ur- Aero.’ July 22’ 19 0.
Hydrofoll systems, hydrofolls, cavitation.

Land, Norman S.: Tank Tesats of a Guldonl Type
SVA Seaplane Float with Hydrofoils - NACA
Models 67, 674, 67B, and 67C. NACA MR,

Bur. Aero., Sept. 1, 1942. Hydrofolls (Guidoni
type), force measurement.

Lend, Normen S., ILina, Lindsay J.,end Havens,
Robert F.: Tenk Tests of Two Ogival-Section
Hydrofoils. NACA MR, Bur. Ships, April 16, 1942.
Sectlion characterlistles.
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19h Numachi, F.: 'Measurement Jf Forces on Slotted Blade
Profiles under Cavitation. EK.T.P. Translation
No. 1l6l}, British Ministry of.-Alrcrgft .Production.
- (From Werft. Reederel: Hafen, Jahrg. 20, Oct. 15, 19)1,
pp. 295-299.) Cavitation,’ hydrofoils._

195. Nutting, William Weshburn: The "HD-L.".A TO-MLlex
. -with Rémarkeble Posslbilitles Develbped at
..v.. 'y .. Dr. -Graham Bell's Laboratorles an the
S ‘Bras d'0r Lakes. Reprinted from Smithsonian
. Report for 1919, pp. 205-210.. Publigatlion 2595
" Q4P * (Washington), 1921. Hydrofoil doat.’

196 Pegna, Giovanni- Some Ideas on Racling Seaplanes.

= _ NACA TM No. 691, 1932. - Tests of models with .
hydrofoils, development of a racing seaplane
with hydrofolls. : .

197. Peters, H., and.ﬁightmire,B. G.: Gavitation Study
by the Vibratory Method. Proc. Fifth Int. Cong.
App. ‘Mech. {Csambridge, Mass. 1938), John Wiley
& Sons, -Inc., 1939, pp. él Cavitation
"‘(theory).

198. Tietjens, 0.: Das Tragflachenboot. Werft Reederei
Hefen, Jéhrg. 18, Heft 7, April 1, 1937,
.pp. 87-90; Heft 8, Aoril 10, 1937, pp. 106-109.
Experirental end theoretical investigations of
hydrofolls for use on .surface bodts &and alrplanes.

*199. wadlin, Kénneth L.3 Preliminary ‘Tank Experirments
: . . with a Hydrofoll on a Plenirig-Tall Seaplane Hull.
" ' NAGA-RB No. L;c28, ig9hl. Unusysl forms,
resistance, planing-tail principke, hydrofoils.

200. Walchner, O.. Pro.f;:ile Meaeurements during Cavitation.
.:NACA TM Nou -1060,. 19&& Hydrofoils, cavitation.

*201. Ward, Kenneth E., ‘mad Land Normen S.m- Preliminary
Tests In the NACA Tank to Investigate the .
Fundamentel Charactertstics of Hydréfolls. -

NACA 'ACR, Sépt.- 19&0.; Hydrofoils,icavitation,
- 1Xft-drag ratio. e .
DO . i
202. Wbinig, F.s . On the Theor of Bydrofeils end Planing

.- . . Surfaces. , NACA T Na.. 8&5, 1938 | Hyairofolls,

planing surfaoes, cavitation.
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. PILOTING AN'D-HAiQDLING

?05. Anon,: Opan Sea Seaplane Operations. Rescue
. Advisory Memo.:No. 066, Alr Sea Rescue Agency ,
(Washington), 1945. : : '

20}« Benson, - Jemes M.; Flloting of Flying Boats with
" Speclal Reference to Porpolsing and Skipving.
NACA TN No..923, 194k4. Gereral, =pild’t technique.

205.. Brimm, Danlel J., Jr.: Sedplanss - Meneuvering,. -
' Maintaining, Operating. Pitman Publishing Gorp.,

1957.

206. Cram, J'ack R., ‘and Brimm, Daniel J., Jr.:. Pait Four =
Seaplane Flying. 61ivil Pilot ‘Training Manual,
C. A. Bull. No. 23, CAA, U.S. Dept. Commerce,‘
Sept. 19&0. Genperal, operation of seaplanes,
pilot teehnrque.. _

207.'Gough, ‘Melvin N.:. The Use of the Trim-Angle Indi-
" cator for Seaplane Teke-Off., Jour. Aero. Scl., .
vol. i, no. 7, May 1937, pp. 288-291. Pllot =~ V°
tedhnique, trim indicator, N

208. Grismé, F., H.: -The Eatablishment 6f a Restricted
Area for Seaplane ‘Operatiomn. Tech. Development
" Note No. 32, CaA, U.S. Dept. Cormerce, Jan. 19hh
Length of take—off depth of water..

209. Hutchinson, J. L.: Note on the Value of. Reversible
Pitch Propellers on Sesdplanes, Rep.s No. H/Res/178,
Britlsh Marlins Alrcraft Experimerital Establishment,
July 17, 194ly. Hendling of seaplanes at mooring.

210, Locke, F, W, S., Jr.: Preliminary Resistance Tests
in. Shallow Water of a 1/30-Scale Model of the . -
Hull of the XPB2M-1 Flying Boat. Rep. No. 193,
Stevens Inst. Tech. (NACA),Se"pt 1, 1942‘ Depth of
water, resistence. .

211. Richardson, Holder C., Beall Wellwood E., and.
. Manly, Charles.-W.,: Flying Boats. National
Aoronautics Council, Inc. (New York), 1942.

212. Wagner, F. D.:. :Emergency Take~Offs in the -Open. Sea.
Navy Dept. Aviatlon Circular Ietter Nos, 9-
Feb. T, 91.),;. Down-swell landings asnd taks- offs.

See also references L0 and 2);,
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IMPACT. LOADS

213, Abel, G. C.: Measurements of Accelerations at
Different Parts of a Boat Seaplane during Tsake-
Off and Landing. R. & M. No. 1829, British A.R.C.,
19%38. Take-offs end landings in choppy water.
Determination of upper limits to factors required
on seaplane structures. Measurement of normal
accelerations and change 1ln attitude during impaot.

21l,. Batterson, Sidney A.: The NACA Impact Basin and
Water Landing Tests of a Float Model at Varlous
Velocities and welghts. NACA ACR No. LLH15,
194L. Impect normal aceslerations, flight-path
angle.

“215. Brahmig, Rolf: Experimental Dstermination of the
Hydrodynamic Irncrease ln Masss in Osclllating
Bodies. Translation 118, The David W. Taylor
Model Basin, 7.S. Navy, Nov. 1943. Conversion
of results of mcdel tests to full scals.
Prirciples of similitude.

21€. Darevsky, V. M.,: Determination of the Stresses
Produced by the Landing Impact in the Bulkheads
of a Seaplane Bottom. NACA TM Ko. 1055, 19l.

217. Fagg, S. V.3 A Theoretical Analysis of the Impact
of an Elastic Body on Water. Fep. No. A.D. 3160,
British R.A.E., Jaly 1941. Preliminary calcule-
tions nn the impact of an 1deallzed elastic hull
on water,

#218. Hathawey, M. E.: Typloal Pressure, Stress, and
Aoceleration Measurements on an XPBS~-1l Flying
Boat. Bureau Project.No. 3506. NACA MR,
Bur. Aero., Aug. 26, 1941. Data on imvacts,
deslgn loads.

219. Jones, E. T., and Blundell, R. W.: Force and
Pressure HMeasurements on V-Shapes on Impact
wlth Water Compared with Theory snd Seaplamne
Alighting Results. Rep. No. F/Res/107, British
Marine Alrcraft Experimental Establishment,
Jen. 28, 1938,
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221.

222,

‘223,

22l.

225.

226.
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IMPACT LO.DS

Jones, E. T., and Davies, W. H.: Measurement of
Water Pressure on the Hull of a Boat Seaplams.
R. & M. No. 1638, British A.R.C., 1935. Water
pressure on the hull was measured during landings
and take-offs at dirfferent gross welghts and at
abnormel lendings -at one grosa welght.

Jones, E. T., Douglas, G., Stafford, C. E., and
Cushing, R. K.: Measurements of Acceleration
end Water Pressure on a Seaplane When Dronped
into water. FER. & M. No. 1807, British A.R.C.,

1957.

Kreps, R. L.: Experimental Investigation of Impact
in Lanéing on Water. NACA ™ No. 1046, 1943.
Comparlson of test results and computed results,
Investligation of the physlcal nature of impact
on weter, perfection of experimrental procedures.

Mayo, Wilbur L.: Analysis end Modification of
Tﬁeory for Imect of Segplanes on Water.

NAGA TH Fo. 1008, 19/.5., Aa extensive- _
biblliogrephy 1s included. Review and analysis
of impact theory.

Mewes, E.: The Impact on Flonats or Hulls during
Landing as Affected by Eostom Width. NACA TM
No. 811, 1936. Determinsaticn of limiting hull
wldth as a function of 1mpect forces.

Pabst, Willhelm: Landing Impact of Seaplanes.
NACA IM No. 62i, 1951. Brief summary of impact
theory. Description and results of extensive
tests on flat and V-bottoms. Comparison of data
with theoretical results. Suggestions for
future recsarcn.

Pabst, Wilhelm: Theory of the Landing Impact of
Seeplenes. NACA TY No. 580, 1930. Mathematical
treatment of Impacts considered as functions of
the acceleratad water mass and hull elasticlty
for seanlanes taking off and landing in rough
water,

Pailne, Joseph P., Murphy, Masude A., and Irwln,
Ruth Lee: Acceleration Measurements. Engr.
Rep. No. 189, The Glenn L. Martin Co.,

Jan. 19Ll;.
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IMPACT LOADS

Parks, John, Murphy, Maude A., and Irwin, Ruth L.:
Model PBM-3 - Measurement of Load Factors during
Flight end Water Maneuvers. BEngr. Pep. No. 1785,
The Glenn L. M¥ertin Co., April 19L3. Measurements
of the megnitude and & stribution of accelera-
tlons and stressesa on ths PBE-3 alrplane under
both normal and critical condltions.

Schmleden, C.: ber den Lendestoss von
Flugzeugschwirmern. Ing.-Archiv., Bd. X,
Heft 1, Feb. 1939, pp. 1-13,

Sedov, L.: On the Impact of a Solid Body on the
Surface of an Inccmpressible Liquld. Rep.
No. 187, Trans. C.A.H.I. (Moscow), 193L.

Sedov, L.: On the Theory of Unsteady Planing and
the Motlion of a Wi with Vortex Separatlon,
NACA TY No. 9Lh2, 19O.

Sedov, L.: Outline of the Theory of Impact in the
Landing of a Seaplane. Technika Vosdushnogo
Flota (¥oscow), no. 10, 1933, pp. 120-12l.

Smith, A. G., Abel, G. C., and Morris, W.: The Hull
Launching Tenk (Descriptive). Rep. No. H/Res/161,
British Marine Alrcraft Experimental Establlshment,
May 1943.

Sydow, J.: Uber den Einfluss von Federung und
Kielung suf den Landestoss. Jahrb. 1938 der
deuvtschen Luftfahrtforschung, R. Oldenbourg
(Munich), pp. I 329 - I 338. (Available as
British Alr Ministry Treanslation No. 861.)

Taub, Josef: Load Assumptions for the Landing
Impact of Sesplanes. NACA T¥ No. 643, 1931.

Thompson, F. L.: Water Pressure Distribution on
a Flying Boat Hull. NACA Rep. No. 346, 1930.

Thompson, F. L.: ¥Water~Pressure Distribution on
a Seaplane Float. NACA Rep. No. 290, 1928.

von Kéfmén, Th.: The Impact on Seaplane Floats
dvuring Landing. NACA TN No. 321, 1929.
Theoretical treatment.
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Wagner, Herbert: Landing of Seaplanes. NACA
T¥ No. 622, 1931.

Wagner, Herbert: Uber Stoss- und Gleitvorginge
an der Oberflédche von- Flussigkeiten., Z.f.a.K.M.,
Bd., 12, Heft L, Aug. 1932, pp. 193-215.

Watenabe, S.: Resistence of Impact on Water Surface.
Sei. Papers of Inst. Phys. and Chem. Res. (Tokyo),
. vol. 12, no. 226, Feb. 20, 1930,

Welnig, F.: Impact of a Vee-Tyge Seaplane on Water
with Reference to Elastioity. NACA TM No. 810,
1936. ‘The theory is extended to include elastilc
floats by introducing the concept of equivalent
rigid bottom to substitute for the actual elastlo
bottom.,
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EXPERIMENTAL PROCEDURES

' *2&5. Brooke, H. E.}- PR2Y-3 = Correlation of Towing Basin

- and Full Scale Effect of 8Step Ventilation on
Lending Stability. Rep. No. ZH-29-011l, Con-
solldated Alrcraft Corp., June 1l942. Scale
effect, landing stablllity, ventilation.

2uli. Coombes, L. P.: Research in the R.A.E. Tank.
Jour. R.A.8., vol. XXXiX, no. 297, Sept. 1935,
op. 807-825. 8cale effect, depth of water,
interference effect (twin floats), stub wings,
testing technique (RAE tank).

2ii5. Coombes, L. P;: Scale Zffect in Tank Tests of
Sevplane NMcdels. Proc. Fifth Int. Cong. App.
Mech, (Cambridge, lMass., 1338), John Wlley & Sons,
Inc., 1939, pp. H13-519. Scale effect, skin
frletion, buoyency, porpolsing.

246. Coombes, L. P., and Perring, W. G. A.: The Farn-
borcugh Seaplane Tank. 4Alrcraft Englneerling,
vol. VI, no. 61, March 1934, pp. 63-66.
Tanks (RAE). Tesiing technique.

247. Goomves, L. P., Perring, ¥W. G. &., and Johnston, L.:
The Use of Dynamically Similar Modsels for Deter-
mining the Porpolsing Characteristics of Seaplanes.
R. & M. No. 1718, British A.R.C., 1936. Testing
technl que.

24,8. Dawson, John R., and Truscott, Starr: A General

Tenk Test of a Model of the Hull of the British
Sin%apore IIC Flying Boat. NFACA TN No. 580,
1936, Testing technique, resistance (results
from two tanks compared).

*#2)9, Ebert, John W., Jr.: A Comparison of the Porpoising
Iimits of Two Flylng Boats and Thelr Tank Models,
NACA RB, PFeb., 1943. Scale effect, longltudinal
stabllity.

250. Fletcher, G. L.t Some Preliminary Measurements of
the Boundary Layer Conditions on Models 1n the
R.A.E. Seaplane Tenk. TN No. Aero 1472,
British R.A.E., July 194). Boundary layer, skin
friction.
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EXPERIMENT.L PROCEDURES

Garner, H. M., and Coombes, L. P.t Seaplane Hulls
and Floats. Alrcraft Engineering, vol., II,
no. 18, Aug. 1930, pp. 193-196,and vol. II, no. 19,
Sept. 1930, pp. 223-225. Scale effect, tip
floats, stub-wing stabllizears, methods of
obtaining full-scale resistance, testing technlque,
take-off time.

Gott, J. P.t Comparison of Results of Tests of the
Singapore IIc Model Hull in Five Tenks. R. & M,
No. 1785, British A.R.C., 1937. Testing

. technique, resistance (results from five tanks
cormpared).

Locke, F. W. S., Jr.: General Reslstance Tests on
Flying-Boat Hull Models, NACA ARR No. L4Bl19,
1944, Method of condensing reslstance data.

Locke, F. W. 8., Jr., and Bott, Helen L.: A Method
for Making Quantitative Studies of the Maln
Spray  Characteristics of Flying-Boat Hull Models.
NACA ARR No. 3K1l, 1943. Spray, testing technique,
scale effect, angle of dead rilse.
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